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TINY BUT VITAL This little dust boot protects the 
ignition interrupter switch that shifts gears in automatic auto 


transmissions. It does that vital job dependably. Like all C/R 


Sirvene (synthetic rubber) parts, (many are smaller, hundreds are f 
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SCIENTIFICALLY COMPOUNDED ELASTOMERS 


Se E 
bigger) everything about it is special: design, compounding of 
id 


J, 
oil-resistant elastomers, molding, and quality control of quantity Da N 
production. Also, it is symbolic. It symbolizes how C/R engineers Be — 
can serve you, in developing pliable mechanical parts for your j 
own critical applications. Our book, “Engineering with Sirvene” 
will tell vou all about C/I vice. Just write us, and we'll send 


your copy pi 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


1301 Elston Avenve N N Chicago 22, Illinois 
- 


e New York y SE e BUFFALO èe PHILADELPHIA è PITTSBURGH e CINCINNATI e CLEVELANI 


STON è Los ANGELES e San FRANCISCO èe SEATTLE 


ind dirt exclusion * Conpor: Controlled porosity mechan- 


cal leather boots, gaskets, packings and related products. 


— 





Product Engineeri 


ETTA 


Product Engineering 


Volume 25 Number 1 


How to Specify a Servo Control System George M. Attura 
Special Coatings for Metals Used at High Temperatures. A. H. Sully 
How to Simplify Your Rubber Specifications C. E. Arntzen 
Worm Gearing Materials and Housing James E. Gutzwiller 


Product Designs 


Dynamic Loading of Compression Springs Karl W. Maier 


Industrial Use of Optical Instruments Howard S. Coleman 


Pressure Transducers Jerry Grey 


Copper and Alpha Brasses. . . A. M. Halstead, J. M. McCaughey, M. Markus 


Welded Steel Tubing in Heavy Equipment Rex Cleveland 


Basic Types of Mechanical Clutches Marvin Taylor GEORGE F, NORDENHOLT 
Assistant to the Editor 
Numbering Systems in the Engineering Department S. Ulrich E aan 


i VAL LAUGHNER 
23 Ways to Attach Small Die Cast Parts 


Hiram K. Barton Associate Editors 
EDWARD S. COBB 
RANDOLPH P. DOMINIC 


Assistant Editors 
ROBERT E. ABBOTT 
PAUL N. ANDERSON 
Highlights New Parts and Materials 216 Sans, Souci ROBERT W. BRULEY 
: : a a . BYRON K. LEDGERWOOD 
Design Perspectives. . . Meetings » eee Engineering Abstracts. 274 NORMA J. VAN NESS 
enaenin New Catalogs and Readers Letters 2 ae „m . WILSON 
Technical News Bulletins. . . .... 262 New Books Paes 


293 
Editorial Assistants 
DONALD M. MARTIN 
LILLIAN M. WITHAM 


Product Engineering Consulting Editor 


ROBERT E. BRUCKNER 
JANUARY, 1954 VOL. 25, NO. | 
THE McGRAW-HILL MAGAZINE OF DESIGN ENGINEERING a Washington 


GEORGE B. BRYANT, JR. 
Member of Associated Business Publications and Audit Bureau of Circulations 


Graphical Solution of a Spiral Gear Problem 


Otto Lichtwitz 


Published monthly by McGraw-Hill Publishing Company, New York 36, N. Y. Allow one month for change of addres i 
Inc., James H. McGraw (1860-1948), Founder. Publication Subscriptions are solicited only from executives ong ALBERT HAUPTL 
office, 99-129 North Broadway, Albany 1, N. Y. neers and consultants engaged in the design of machinery and 

Executive, Editorial and Advertising Offices: McGraw-Hill other engineered products. 


selena Gnd company connection Advertising Sales Mgr. 

Building, 330 W. 42nd St., New York 36, N. Y. Donald C. must be indicated on subscription orders. ° 
McGraw, President; Willard Chevalier, Executive Vice-Presi- dii Single oe 50¢. United States and possessions, $5 STANLEY J. ALLING 
cent; Joseph A. Gerardi, Vice-President and Treasurer; John ef we year, for two years, $10 for three years; Canada 
J. Cooke, Secretary; Paul Montgomery, Senior Vice-President. ® | for one year, $10 for two years, $12 for three years 
Publications Division: Ralph B. Smith, Vice-President, Editorial Latin American countries: $15 for one year, $25 for tw Service Mgr 
Director; Nelson Bond, Vice-President, Director of Advertising; ay sao ps two years, 850 on tries, 62s for one ° 

‘ J ar, b or ree years tered as 
J. E. Blackburn, Jr., Vice-President, Curculation Suess second class matter Aug. 21, 190360. Albany N Ý a ae a HUGH BRITTON 

Subscriptions: Product Engineering—Subscription Service, under s es Mar. 3, 1879. Printed in U. 8. A. Copyright 
99-129 N. Broadway, Albany í, N. Y., or 330 W. 42nd St., 1954 by McGraw-Hiii Publishing Co., Inc.—All rights reserved. 
Foreign News Bureaus: 

: s A a 

Number of copies printed this issue 29,701 LONDON © PARIS * BERLIN 


SYDNEY + TOKYO 

MEXICO CITY 

FRANKFURT © SAO PAULO 
BUENOS AIRES + MANILA 





In AIR CONDITIONERS 
REFRIGERATORS 
WASHERS... 


Severe Starting Cycles 


High Temperatures 


Humidity and Vibration 


When you specify Mallory, you are sure of high humidity resist- 
ance, complete uniformity and long life under all conditions. 
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The plastic case on Mallory Motor Capacitors gives com- 
plete protection against humidity . . . something it is impos- 
sible to get in cardboard insulated capacitors. 


For Your Motor Running 
Capacitors . . . Specify Mallory 
for Dependability. 


Hir cil a hed oa You can be sure of absolute uniformity, because of precision 


tangular shapes to meet your requirements. manufacturing controls. Mallory Capacitors are made in an 


They are impregnated with Mallotrol A* 
3 preg 

a synthetic, non-inflammable oil which 
permits compact size. 


air conditioned factory. Operators wear rubber gloves... 
contamination that causes internal corrosion is guarded 


T r . à against in every way. 
Chey are available with or without mount- 
ing hardware. 


Mallory has pioneered more new developments in the capacitor 
All popular capacitance and voltage ratings 


: field than any other manufacturer. As a result vou can be 
to choose from. . ¢ 


dini sure of motor Starting capacitors that will give better high 
temperature performance, superior insulation, better heat 
dissipation and long shelf life. And Mallory Motor Capacitors 


are designed for fast easy mounting, either off or on the motor. 





It costs no more to give your product these advantages! 
For complete information, write or call us today. 


Expect more ... Get more from MALLORY 


Serving Industry with These Products: 
Electromechanical—Resistors * Switches © Television Tuners è Vibrators 
Electrochemical—Capacitors ¢ Rectifiers * Mercury Batteries 


Metallurgical— Contacts ¢ Special Metals and Ceramics e Welding Materials 
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METALLIC MATERIALS 


STABILITY OF TITANIUM .... 


. Studies of iron-chromium-titanium alloy, (1.3 
percent Fe, 2.3 percent Cr, balance Ti), were made by 
Westinghouse Electric Corp. to determine the aging 
characteristics of the metal. Temperatures of 500, 550 
and 600 F for periods ranging from 2 to 275 hr indi- 
cated, in general, that the tensile strengths were in- 
creased by amounts varying from | to 12 percent, the 
yield strengths by slightly greater amounts, and the 
elongation fell off slightly. Conclusions indicate that 
either there was no stress relieving or the resultant 
softening was small compared to the total hardening 
effect of the metal at the clevated temperatures. 


SUPER-ALLOY INVESTMENT CASTINGS... . 


. Spring binding posts, used on portable wiring 
boards for making rapid communications connections, 
can be made more economically as an investment cast- 
ing from a super-alloy than from steel and have better 
corrosion resistance. The alloy—Tantung G—is com- 
posed of tantalum, tungsten, chromium and cobalt 
and made by the Vascaloy-Ramet Corp., Waukegan, 
Ill. Formerly, the parts were made from several steel 
components hardened to R50. 


SELF LUBRICATING METAI 


. A bearing material with exceptional strength 
has been developed through a special process. Ferrous 
and nonferrous metals and specially formulated lubri- 
cative pigments are locked together to create a self- 
lubricated metal. Booker-Cooper Inc., Los Angeles, 
Calif., claims the ratio of lubricative pigment to metal 
can be rigidly controlled, with lubricity engineered to 
meet the requirements of special bearing pressures. 
‘The material may be used dry or with oil. 


RADIATION SHIELD .... 


. A non-lead alloy is especially suitable for use 
as an efficient radiation shielding material. Metal is 
a high density, homogeneous alloy of tungsten, nickel 
and copper. P. R. Mallory and Co., Indianapolis, 
Indiana, reports the metal is strong and machinable 
and can be joined to itself and other metals. 


POWDERED METAL .... 


. Incorporation of powdered metal in electrode 
coatings may considerably speed hand welding opera- 
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When requesting further information from companies and organiza- 
tions mentioned in the items below, confusion can be avoided by 
referring to the issue of Product Engineering in which items appear. 


tions. Lincoln Electric Co., Cleveland, Ohio, reports 
that a heavily coated shielded-arc type electrode for 
operation in flat or near-flat positions with a-c or d-c 
welding speeds operators time. The elimination of 
coating breakdown, it is claimed, permits using the 
entire coated portion of the electrode, reducing stub 
loss to a minimum. 


NO NICKEL .... 


. A nickel-free, high strength steel wire may be 
substituted for nickel-stainless steel in applications re- 
quiring good workability, moderate corrosion resist- 
ance, relatively low electrical conductivity and non- 
magnetic properties. Battelle Memorial Institute. 
Columbus, Ohio, reports the iron-base alloy drawn 
to 0.015 in. dia wire had a tensile strength of 292,500 
psi and 0 magnetism. Material percentage ranges for 
the wire were: 0.3-1.3 Si; 0.8 to 1.5 C; 9.0-11.0 Cr; 
14.5-18.5 Mn; 1.8-2.2 Cu; and 0.08-0.15 nitrogen. 


CHROME PLATING .... 


. Chrome plating of the fluoride-catalyzed type 
offers better-distributed deposits that are harder and 
have less effect on fatigue life than do deposits from a 
sulfate bath. Boeing Airplane Co., Seattle, Washing- 
ton, reports that the fluoride baths were also found to 
have better throwing power, a faster rate of deposition, 
and higher cathode efficiency than other types. 


IMPACT EXTRUSION OF Mg.... 


Pure magnesium or magnesium alloys can be 
impact extruded provided the slugs are heated reports 
the Dow Chemical Co., Midland, Mich. Pressures 
range from 16 ton per sq in., for pure magnesium, to 
22-28 tons per sq in., for alloy slugs heated to 500 F. 
Pressures are about half those needed for aluminum 
alloys. Length of extrusion is limited to about 8 diam 
eters or less, and walls as thin as 0.010 in. have been 
extruded. A graphite lubricant is used on the slugs 
to facilitate the extrusion process. 


REPLACEMENT FOR HF .... 


In lieu of hydrofluoric acid in many cleaning 
and pickling operations, a new powdered product, 
called Actane 33, can be used. According to Enthone 
Inc., New Haven, Conn., the powder added to nitric 
acid, makes a solution that will remove silicon and 

(Continued on page 7) 
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A ROLLING TEST for composite error, 
recorded in chart forms. 


A RUNNING TEST under actual operating 
speeds and loads. 


For complete inspection of all small gears, use 
both types of test. The recorded rolling test shows 
an exact measurement of total error, including 
profile, spacing, and eccentricity effects. The 
power running test shows how the gears perform 
under actual operating conditions, and permits 


visual inspection of tooth contact pattern. 


NO. 104 SPUR GEAR TESTER 


for spur, helical, and internal gears up to 
4%," center distance. 


Note these provisions for making both types 
of check on the same tester: 


1/50 HP drive at 7.2 RPM 


For the Pressure between gears adjustable 
RECORDING by 4 oz. increments, up to 5 lbs. 


TEST Detachable electronic recorder 
with 5-stage variable 


magnification 


V, HP drive 
For the 


RUNNING aa ea NO. 104 ANGULAR HYPOID TESTER 


TEST : : "i i 
fa Precise load control by electric for bevel and hypoid gears up to 4%” diameter 
braking 


PR 
WRITE FOR FULL INFORMATION on how these UZ 
new testers will improve your small gear inspection. n 


EP 


CATV 
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copper from aluminum. Or, when it is added to sul- 
furic acid, the resulting mixture can be used to etch 
aluminum. It may also be used in acid pickles, in 
plating cycles to remove siliceous films, and to replace 
HF for pickling titanium alloys. 


MOLDING PRESS . 


. A low-cost, low pressure molding press, for use 
with reinforced plastics, has been developed by David- 
son-Kennedy Co., Atlanta, Ga. The presses use air 
cylinder pressure for 90 percent of the platen or die 
travel, while a self contained hydraulic unit furnishes 
power for the pressure stroke. ‘The units are movable 
and require only connection to air line and electric 
power to be ready for use. 


IMPROVING TEMPERING . 


. A method of improving both the quenching 
and tempering action of salt baths without increasing 
cost has been demonstrated by the American Cyanamid 
Co., New York, New York. Water is added to a sodium 
and potasium nitrate-sodium nitrate bath while it is 
in a molten state. Specific degrees of hardening may 
be obtained by altering the amount of water in the 
bath, an unusual characteristic, since the controlling 
factor is the bath composition rather than the alloy 
content of the steel. 


NICKEL PROCESS .... 


. An organic type process, called Nickel-Lume, is 
claimed to produce brighter nickel coatings, be cheaper 
to operate and easier to control than other commercial 
bright-nickel processes. Hanson-Van Winkle-Munning 
Co., Matawan, N. J., states that filtration may be either 
periodic or continuous, ventilation is not required and 
heat demands are 25 percent lower. Deposits are re- 
ported to have: a bright white color, well-leveled sur- 
faces, low internal stress and good ductility. 


COMPONENTS 


. . . A transistor about the size of a thimble has 
been developed that has an output of 20 watts, more 
than 100 times more powerful than present miniatur- 
ized units. The transistor, according to Minneapolis- 
Honeywell, is designed to work in the field of auto- 
matic controls. It has already been applied to a proto- 
type aircraft electronic fuel gage. 


STETHOSCOPE FOR METAL FINISHING . 


. An electronic stethoscope has been anaes 
to to speed the close tolerance finishing of metal. A small 
microphone is held on the metal being worked and 
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the sounds of the material being scraped away is am- 
plified by earphones. The volume of the sound is 
proportional to the amount of metal being removed. 
Minneapolis-Honeywell reports that the device helps 
to maintain extremely close tolerances, speeds metal 
finishing operations, reduces scrap, and cuts operator 
fatigue. An electronic comparator that is accurate to 
five millionths of an inch is used in conjunction with 
the stethoscope to prevent overshooting the tolerance 
limit of the part being machined. 


MIDGET MOTOR . 


. A miniature d-c motor, 154 in. dia by 2% in. 
long and weighing 8 oz is a development of the Gen- 
eral Electric Specialty Motor Division, Schenectady, 
N. Y. Rated at 0.002 hp at a speed of 6,500 rpm, the 
unit is controlled by two small vacuum tubes. G. E. 
says the unit is designed for favorable operation at 
sea-level atmospheres, or at altitudes up to 50,000 ft, 
and will withstand temperatures to minus 65 F. 


GERMANIUM PHOTOCELL .... 


. This new photocell, 34 in. long and 1⁄4 in. dia., 
is reported to be more sensitive to light than vacuum 
photocells a hundred times larger. G.E. states the unit 
has a comparatively large power output that could 
make it useful in many industrial applications and the 
high power production makes it suitable for operating 
relays directly to control many production processes. 
For example, it could be used for counting, sorting, 
and measuring applications. It can also regulate 
domestic or industrial heating devices or seek out 
targets for guided missiles. 


VARYING OUTPUT BATTERIES .... 


. Alkaline battery assemblies that can be sliced 
into various combinations of cells to provide different 
voltage requirements are a design of RCA Victor. De- 
signed primarily for equipment engineers and research 
personnel studying application possibilities of transis- 
tors, the battery is a 21 v type. It contains 15 1.4 v 
dry cells in plastic sleeves. Various power require- 
ments, from 1.4 to 21 v, can be had by slicing a sec- 
tion containing the necessary number of cells. Units 
are 31% in. long with current drains of 2 or 10 ma. 


TINY RADIATION SOURCE .... 


. Small, self-contained sources of X-ray for use in 
industry may soon be available. Research at Armour 
Research Foundation has developed an X-ray source 
that can be made in almost any size, from tiny pellets 
to larger blocks or sheets. There is no bulky electronic 
equipment needed. 

(Continued on page 9) 
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BONDERITE 


—~ corrosion resistant paint base 








120 YEARS) OF 


f om all over = world 


flows into your plant 
‘rom PARKER 


Our customers, through our international affiliations, 
get.the benefits of world-wide research, experiment 
and application. 


For the best in surface treatments for metals, call on 
Parker! 


*Bonderite, Bonderlube, Parco, Parco Lubrite— Reg. U.S. Pat. Off. 


PARKER aus: proor company 


E) 2179 E. Milwaukee Ave., Detroit 11, Michigan 
BONDERITE and BONDERLUBE PARCO COMPOUND 


aids in cold forming of metals rust resistant 
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PARCO LUBRITE 


wear resistant for friction surfaces 
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NONMETALLIG MATERIALS 


. A conventional gas engine modified to handle 
a ı hydrazine fuel has been granted a U. S. patent, No. 
2,648,317. The method involves two energy liberating 
steps. Hydrazine is decomposed by an electrical dis- 
charge into a mixture of hydrogen, nitrogen and am- 
monia. Air or oxyger is introduced, and the products 
of the decomposition step ignited. The two explosions 
can be made to occur either simultaneously or in 
sequence. To have them occur simultaneously, the 
oxygen is simply mixed with hydrazine fed to the 
engine after the initial mixture is made. 


GLOBAL GREASE 


A grease said to perform effectively in desert 
heat or arctic cold has been developed in the research 
laboratories of the Texas Co., New York, New York. 
Grease should reduce problems created by the neces- 
sity of ordering, storing, transporting or applying a 
large variety of greases tailored to specific ambient 
temperatures. Grease lubricates vehicle bearings in 
temperatures ranging from minus 65 to plus 125 F. 
and has good characteristics over the range. 


HEAT RESISTANT TAPE 

Masking tape capable of withstanding oven 
temperatures up to 325 F continuously or 375 F inter- 
mittently is being laboratory and field tested by Min- 
nesota Mining and Manufacturing Co. Aircraft assem- 
bly, engine and parts manufacturers, it is claimed, can 
use the tape on anodized aluminum, pickled steel and 
dichromated magnesium. The tape is reported to 
remove clearly from treated metal surfaces without 
leaving any adhesive deposit eliminating the need of 
another cleaning operation. 


ADDITIVE INHIBITS RUST 


A rust inhibiting oil additive, particularly indi- 
cated for use in internal combustion, jet, diesel and 
gasoline engines, turbines, pipeline and ferrous tools 
or components in the production stage, is a develop 
ment of the Atlas Powder Co., Wilmington, Del. Re- 
ports state that the inhibitor, named Atpet 100, pro 
vides freedom from pre-ignition and other undesirable 
effects of ashy residue encountered with sulfonic 
inhibitors containing the salts of metals as 
barium. 


such 


sodium, calcium or 


THIN CAST TEFLON 


Teflon film is being metallized in experimental 
quantities using the high vacuum technique. Dilectrix 
Co., Queens Village, N. Y., reports that Teflon films 
in thicknesses of 0.00025, 0.0005, 0.001 and 0.002 in. 
1954 
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have been coated with silver and copper. The material 
may be either fully or marginally coated. Possible 
applications include its use in miniature capacitors, 
shielding and printed circuits. 


NON-METALLIC MAGNET MATERIAL . 


A permanent magnet material made by a 
powder metallurgy process from a mixture of barium 
and iron oxide is a development of the Ferroxcube 
Corp. of America, Saugerties, N. Y. The material 
claimed to have an extremely high coercive force and 
unusually high resistance to demagnetization, as well 
as magnetic stability. Its high resistance permits its 
use in high frequency fields without undesirable losses 
usually associated with magnetic materials. 


TESTING 


Basic studies of combustion phenomena will be 
undertaken by G. E. Co., upon completion of its new 
research laboratory at Schenectady, N. Y. Studies will 
be made of the dynamics of mixing gases, flame stabili- 
zation and flame speeds. Vibration and fatigue prob- 
lems of turbine buckets will also be studied by passing 
pulsed hot air over a stationary bucket. To study the 
basic properties of shock waves and their propagation, 
a high speed pit for turbine rotor whirl tests will be 
housed in the facilities. The research laboratory is 
expected to be completed late in 1954. 


CASTINGS INSPECTION 


Xeroradiography is to be used to check the 
soundness of light metal castings. Developed by G.E. 
Co., Haloid and Battelle Memorial Institute, this ad- 
vanced X-ray technique uses a reusable dry plate. This 
is a specially coated aluminam plate on which the 
X-ray pattern can be made available for viewing within 
15 sec of the exposure. Static electricity is used to ar- 
range a fine grain powder on the dry plate. Alcoa is 
planning to use this method on their castings with a 
time saving of about one hr per casting. 


COLOR METALLOGRAPHY 


i To learn more about sintered carbides in 
powdered metals research, a new heat-tinting tech- 
nique has been developed. Firth Sterling Inc., Pitts- 
burgh, Pennsylvania, states that polished samples are 
etched, then put into a muffle furnace at 900 F for 
about 5 min. This causes various phases to take on 
characteristic colors that can be photographed. The 
heat-tinting technique is expected to open new 
avenues for the studying of structure-property rela 
tionships of powdered-metals. 
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REGULATION CHARACTERISTICS AT 60 CFM FLOW 
Using accurately controlled air pressures is es- m 


sential not only for proper operation of any 80 gontamm 
air equipment, but also to assure minimum 

maintenance and long life. Norgren Pilot- 

Controlled Regulators provide extremely ac- 70 

curate, automatic pressure regulation, with 

capacities up to 200 cfm. In addition to sub- 

stantial savings through better equipment per- - oa 
formance Norgren Regulators more than pay / 

for themselves in savings in air costs alone. 
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Available for lines carrying air, cold water, oil 2 50 
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lator. Reduces lator reduces line 

tank pressures pressures to working 

up to 3000 psi to pressures up to 10 

working pressures 60 psi. = 20 40 60 80 100 120 
below 450 psi. 


PRIMARY PRESSURE PSI 


WRITE FOR NEW CATALOG No. 600 


PIONEER AND LEADER IN OIL FOG LUBRICATION FOR 26 YEARS 
aor Valves © Filters © Regulators © Lubricators © Hose Assemblies 
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ENGINEER There's a big battle brewing over the legal status of engineers, their place 

REPRESENTATION bat er a 
in company organization, and their rights and privileges under present and 
future labor legislation. Basically, it’s a fight to determine what kind of 
group shall represent technical employees. Arrayed on opposite sides are 
two organizations whose membership is made up of engineers: The 
National Society of Professional Engineers (NSPE) and the Engineers and 
Scientists of America (ESA). 

As a professional group, NSPE wants to retain the right to discuss plans 
and policies with management—items that include the economic status and 
conditions of employment of NSPE members. 

As a union, ESA wants to deny NSPE, or any other technical society, the 
right to talk pay or other collective bargaining subject with manage- 
ment. In addition, it wants to narrow the definition of exempt supervisors, 

so that more engineers can join ESA-affiliated unions and have legal pro- 
tection to engage in union activity. 

















PROFESSIONAL At their meetings, some professional societies consider the welfare of 

view their members. To date, such activity has been confined to academic dis- 
cussion. Although these have been conducted in the presence of manage- 
ment people, the groups neither intend, nor desire, to engage in collective 
bargaining. The societies don’t want to function as unions. 






But in recent months, there’s been a new fear growing: that NSPE 





—or any technical society—might be considered a union under the pro- 
visions of the Taft-Hartley Act. 

If such a designation were made, NSPE would certainly end up being 
accused of company domination and in trouble with governmental labor 







agencies. The reason: both executives and supervisory personnel are mem- 





bers, just like in the old “company” unions. When such accusations are 





made, the society will have only two choices—dissolve, or drop its interest 





in the economic problems and working conditions of its members. It 





doesn’t want to do either. 







FREE Thats why NSPE is actively supporting passage of H.R. 5504, intro- 
DISCUSSION i i 





duced by Representative Carrol D. Kearns. This piece of legislation elimi- 
nates the danger by amending the definition of a “labor organization” in 





the T-H Act. The new terminology would exclude “organizations of pro- 
A fessional personnel” that are neither certified by the National Labor Rela- 
tions Board nor recognized by employers for the purpose of collective 
bargaining. If the bill is passed, technical societies would be free to con- 






tinue their discussions of engineer working conditions without fear of 






trespassing on the province of unions. 
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DEPENDABLE CONTROL 
WITH THIS 


prow SWIT 


Thermostatically controlled flow switch manu- 
factured by Power Engineering & Equipment 
Co. which incorporates a 34” I.D. Flexon 
Bellows. ' 


Flexon Bellows offer the designer and the manufacturer 
an ideal combination—high standards of uniformity 
coupled with the manufacturing economies of stand- 
ardized production. In over fifteen years of bellows 
manufacture, Flexonics Corporation has developed 
manufacturing techniques that permit the fabrication 


Here are the answers to many of a wide variety of bellows as standard production 
items. Using these methods assures exact compliance 

BELLOWS APPLICATION PROBLEMS A s : 
E with your specifications . . . assures you that the Flexon 
iisi iiai . Bellows will “fit” your product to avoid assembly 
etal in Ta 13, headaches . . . assures you of the type of performance 


gives specifications and ap- your product is designed to give. 
plication data on Flexon Bel- 


. Write f our copy of Š r Š 
-e helpful ae re sizes in brass, bronze, stainless steel, monel and other 
I 


Flexon Bellows specifications alloys. For any thermostatically controlled device, it 

in the Flexonics Catalog in will pay for you to consider Flexon. For recommenda- 
. i le. i i : 

Sweet's Product Design Fio tions send an outline of your requirements. 


Flexon Bellows are offered in a complete range of 


* 
ey ; FLEXON BELLOWS DIVISION 
exonic orYporation. 1351 $. THIRD AVENUE * MAYWOOD, ILLINOIS 


FORMERLY CHICAGO METAL HOSE CORPORATION 


In Ceneda: Flexenics Corporation of Canada, itd., Brampton, Ontario 
Flexon identifies 


products of Flexonics Flexible metal hose = Expansion joints 

Corporation thot \ Metallic 
have served industry | \, "S 
for over 50 yeors. } Aircraft components W) 
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DEVELOPMENT 


THE UNION ESA, on the other hand, is fighting the Kearns Bill tooth and nail. The 

sum union is proposing passage of a bill that would toughen the Taft-Hartley 
Act’s definition of a labor group. ESA’s legislation would expressly pro- 
hibit an employer from even discussing pay, hours, or employment con- 
ditions with representatives of any employee group that has not been 
certified or recognized as a union. 

According to ESA, the professional groups are “sounding boards” for 
proposals. They act as buffers between legitimate unions and employees, 
making the job of organization and representation increasingly difficult. 
ESA has been promised help by pro-union congressmen who want to kill 
the Kearns Bill, substitute the stricter interpretation law, and also press 
for passage of new legislation with respect to supervisors. 


WHO'S A The last bill is controversial enough to start a conflict of its own. ESA 
SUPERVISOR? and their congressional friends want to redefine the term supervisor when 
used in labor legislation. They claim the present definition covers too 
many people, removing them from Taft-Hartley protection and from 
potential participation in unions. In the Humphrey-Weir Bill, S. 2443, a 
supervisor is defined as “someone who formulates or executes manage- 
ment policy with respect to employees under their direction.” 
Passage of this act would remove thousands of employees, many of them 
engineers with minor direction duties, from the classification “supervisor.” 
ESA complains that these people are currently isolated in an “industrial 
no-man’s land” where they share neither the functions and prerogatives of 
management employees nor the “benefits” of union protection. 


DRAWING THE The two sides of this dispute first clashed last year when Congress held 


BATTLE LINES preliminary hearings on amendments to the Taft-Hartley Act. They'll 


meet again in the present session of Congress when the same discussion 
comes up. Washington observers don’t think that Congress will get around 
to including any of the aforementioned legislation in amending the Taft- 
Hartley Act this year. 

But sometime in the near future, the situation will have to come to a 
head. ESA is growing bigger and increasing its sphere of influence. It’s 
getting support and encouragement from other unions—enough so that 
ESA-urged legislation was included in the 19 proposed amendments that 
former Secretary of Labor Martin Durkin wanted President Eisenhower 
to send to Congress. And it’s clamoring for further action. 


ENGINEERS’ Behind the fuss and confusion of this dispute is the desire often 
PANACEA expressed by engineers for an organization that would compare to doctors’ 
American Medical Association. They want an organization to supervise 
the moral and ethical aspects of engineering—a group that would raise 
the status of engineering as a profession in society; a group that would 
insure top pay scales for engineers; a group that would prevent charlatans 
and other unqualified people from using the title “engineer”; a group that 
would supervise the proper training and accrediting of engineers. In the 
past, neither technical societies nor unions have tried to accomplish these. 
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FASTEST THING 


SPEED NUTS’ make “RED HOT”’50% Savings 
for new VECTAIRE, jet-convector heater! 


ee Another outstanding SPEED Nurt example of profit- 

saving through cost-reduction! Federal Malleable Co., 

a newcomer in the heater field, selected SPEED NUT 

Brand Fasteners after carefully checking various 

attaching methods. The results over all other types 

considered was a 50% Spreep Nut assembly savings! Here are 

a few of the reasons: Speep Nuts reduce material and handling 

costs, often saving as many as 4 parts per attachment: no special 

application skills are required; these spring steel fasteners snap 

in place by hand, are self-retaining in blind locations; costly 
welding, clinching or staking equipment is eliminated! 

Six standard Spzep Nut types, 17 parts in all, solved Federal’s 

problem: Flat type, Push-Ons, “J” & “U” types, Tubular 

Clips, and Tube Clamps. Contact your Tinnerman represent- 

ative for detailed cost-saving information on your products. 


à 
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6 on Spoed Mii 


hey á MORE THAN 8000 SHAPES AND SIZES 


IN FASTENINGS® 


The Speen Nut Principle 
of Spring Tension Fastening 


Arched Prongs 





Arched Base 


PRE-LOCKED POSITION 


Inword Thread Lock 





Arched 
Spring Lock 


DOUBLE-LOCKED POSITION 


Send for your ‘‘Savincs Srorres"’ booklet of 
interesting SPEED NUT savings to industry. 
Write today: TINNERMAN PRODUCTS, INC., 
Dept. 12, Box 6688, Cleveland 1, Ohio. 
In Canada: Dominion Fasteners, Ltd., 
Hamilton, Ontario. In Great Britain: Sim- 
monds Aerocessories, Ltd., Treforest, Wales. 
In France: Aerocessoires Simmonds, S. A.— 
7 rue Henri Barbusse, Levallois (Seine) 
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All Answers Are Not Solutions 


IN SECOND DEGREE EQUATIONS there will be 
two answers for the unknown. In a third degree equa- 
tion there will be three answers. The number of 
answers or roots for the unknown in an algebraic 
equation will be equal to the degree of the equation. 
Frequently the numerous answers found will include 
the square root of minus one, which is an imaginary 
quantity. Some of the other answers might be nega- 
tive quantities. In addition, there may be several 
positive numbers among the answers. 

Presumably if the equation deals with material 
constructions or physical quantities, the square root 
of minus one cannot be a solution for the value of 
the unknown. Perhaps the only acceptable solution 
will be the maximum positive number among the 
various answers. 

In every engineering design problem there will 
always be a number of answers, but only one or 
two of these will be the solution to the problem. 
Some of these answers will be of the nature of an 
imaginary quantity because they will not be useable 
as a solution to the problem. For example, the 
strength calculations for a member can well result 
in an answer that is in fact an imaginary quantity 
in that a member built to the dimensions calculated 
will be entirely unuseable because it lacks stiffness 
Or the calculations for a given spring might give the 
correct answers for strength and stiffness but be 
entirely unuseable because the natural frequency of 
a spring made to those dimensions might be too 
close to the rate of deflections to which the spring 
will be subjected. 

Innumerable other examples can readily be cited 
wherein the design calculations give answers which 
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in themselves are correct, just as are the imaginary 
and the negative quantities obtained in the solution 
of algebraic equations, but cannot be used. Usually 
this arises from the fact that although the equation 
used is correct and it was solved properly, there are 
other factors and considerations involved that have 
a dominating effect. Of the numerous answers to a 
design problem, there will be only one or a few that 
represent an acceptable solution. 

The specifications that a machine element or com- 
ponent must meet are manifold. Strength is a require- 
ment that must be possessed by every construction. 
Usually a specified degree of stiffness is also essential. 
Because these two requirements are common to 
practically every construction they are likely to over- 
shadow all others in the thinking of the designer. 
Yet only too often the ambient temperature, corrosive 
media, lubrication, surface smoothness, inertia, vibra- 
tion or any one of many other conditions will be a 
dominant factor. If any important design considera 
tion is omitted, the answer will be in the nature of 
an imaginary number—the designer will imagine h« 
has the right answer. But his answer, although cor 
rect in itself, is not a solution to the problem. 

Only the answer that has been arrived at after 
taking all conditions and factors into considcration 


is a true solution to the given design problem. 
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Streamlined in design . . . lightweight 
. . . Edison’s V. P. Voicewriter is a 
“natural” for today’s fast-moving 
PRIVATE S ECRETA RY executive who must travel light. Two 
New Departure ball bearings, sup- 
 « FOR THE MAN pace Hen Sey Tet See the 


' drive from motor to recording disc, 
WHOS GOING PLACES help keep the V. P. sendy tevwork wher- 


‘ever it goes. For New Departures 
operate with almost no friction, re- 
quire no upkeep, preserve original 
accuracy. Applied to your product, 
New Departure ball bearings can 
achieve similar advantages. Why not 
talk it over with a New Departure 
application engineer . . . soon! 
















Rc ata ee Lg 


NEW DEPARTURE 


BALL BEARINGS 





Edison's V. P. plugs into any outlet—in cars, planes, office or home. Illustration 
above shows location of New Departure ball bearings in this ultra-modern device. 
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Product Engineering 


GEORGE M. ATTURA 


Chief Engineer, Industrial Control Company 


To INCORPORATE a servo control system into an industrial design, the 
equipment designer must furnish his requirements to the servo engineer, for 
design of the loop itself. The information to be supplied must include the 
following: 

1. Definition of the purpose of the servo loop using a block diagram. 

2. Physical and numerical description of the load the servo must move. 

3. Performance specifications of the load movement. 

4. Environmental specifications, size, weight, and available power require- 
ments. 

With these data the servo designer can calculate optimum gear ratio, 
specify backlash and efficiency of the gear train, select an amplifier, and 
recommend motor and data system. He may also supervise the layout and 
construction of the system interwiring and run loop tests to determine 
conformance to design specifications and overall equipment performance. 
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BLOCK DIAGRAM 


The block diagram is a form of 
shorthand notation that defines the 
purpose of a machine at the functional 
level. It does not consider the details 
of the control loop elements, but in- 
cludes the method of attack, the cas- 
cading of the elements in their proper 
relationship, and the mechanical and 
electrical interconnections. 

Several typical block diagrams are 
shown in Fig. 1. Note that the com- 
ponents need not be chosen at this 
point. The pick-off might be a poten- 
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tiometer, a linear variable differential 
transformer, or a pair of limit switches. 
Many amplifiers could be considered: 
electronic, magnetic, rotating, hy- 
draulic or on-off relays. The motor 
choice is equally broad. Thus, the 
block diagram services the descriptive 
problem for all possible combinations 
of components and conveys a picture 
of the loop to the servo engineer. From 
this, he can determine whether the sys- 
tem is practical and intrinsically stable. 
After this basic approach, load and 
performance must be considered be- 
fore selecting components. 


LOAD 
SPECIFICATIONS 

The servo supplies the power that 
moves the load, whether it be a posi- 
tional or velocity loop. Thus, the first 
specification must describe the load— 
its physical nature and its quantitative 
numerical constants. In some applica- 
tions, the latter will prove negligible 
compared to the constants of the servo 
motor rotor, and servo performance 
will be set by the motor characteristics 
Where the load is large, this will not 
hold, and the specification of load 
characteristics can help the servo en- 
gineer choose a motor size that will 
give a proper compromise between per- 
formance and system cost. 

It is often impossible to completely 
specify the load by numerical con- 
stants, so that a physical description 
may be helpful. Thus, if it is stated 
that the load is the cutting tool of a 
certain size lathe, the servo engineer 
may remember—from previous work 
—the presence of certain peak oscil- 
lating torques when the tool is chat- 
tering from too heavy a cut, and make 
allowance for them in his design. The 
equipment designer will be familiar 
with these peculiarities of the load, 
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since he will have observed them with 
the machine operating manually. By 
stating they exist, he at least warns the 
servo engineer to be on guard for 
possible trouble. 

The numerical constants of a load 
deal with frictional and load demand 
torques and inertial characteristics, and 
determine the motor, gear train, and 
amplifier. The inertial constant is the 
simplest to obtain: it can generally be 
computed from a consideration of the 
shapes and weights involved. Where 
computation is not possible, experi- 
mental determinations can be made, 
using some form of torsional or linear 
displacement pendulum. No great ac- 
curacy is required; in most instances, 
errors of 20 percent can be tolerated. 

Determination of the friction or 
load demand is generally a more difh- 
cult task, since, as a rule, they cannot 
be computed, but must be obtained ex- 
perimentally. Ideally, the servo de- 
signer requires a complete plot of load 
versus rotational velocity, from zero 
to the top speed. Often, the equip- 
ment with which to obtain these data 
is not available. A good compromise 
in most applications is to measure the 
static friction at rest and the torque at 
the maximum load speed. 

The static friction measures the 


Product Engineering — January, 1954 








torque necessary to just move the load 
from rest, Fig. 4. This should be ob- 
tained for both directions of rotations, 
in case serious differences exist. 
Torque wrenches, spring scales and 
similar devices can be used to measure 
static friction. The running torque pre- 
sents a more difficult problem, for 
measuring equipment may not be avail- 
able. A dynamometer of the proper 
torque and speed range can be used, or 
the load can be driven by a motor at 
the required speed, and the electrical 
input to the motor metered, so as to 
estimate the shaft power and delivered 





Air Reduction Company 


torque. This is the load torque at that 
speed. An adjustable speed, shunt 
wound, armature controlled d-c motor 
is especially useful because of the sim- 
plicity of the electrical measurements 
and calculations. Often, other meth- 
ods may be used that are unique to a 
particular load. 

The running torque measurement is 
important, since the product of run- 
ning torque and top load speed deter- 
mines the maximum shaft power ab 
sorbed, and hence, the minimum power 
rating of the servo motor. This holds 
for all applications except the instru- 
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ment servo, where the load is so light 
_ it can be neglected. Here, the demand 
power may be below one watt, and 
usually the servo motor is overpowered 
for the job. 

The variety of units used to quanti- 
tatively describe a load presents a 
problem. Table I lists the principal 
conversion factors used for torque, 
length, force, mass, inertia,, rotation 
and power. Often the experimental 
data available and the manufacturer's 
ratings for the loop elements are in 
different dimensional systems. 

The load specifications for a typical 
industrial servo loop as shown in Figs. 
2 and 3 are given in Table II. This 
control system drives four cutting 
torches in accordance with the shape 
of a template. Both the static friction 
and maximum running friction values 
are available. However, it was not 
found necessary to specify the inter- 
mediate load values. 


PERFORMANCE 
SPECIFICATIONS 


Once the load has been described, 
the next problem is the accuracy with 
which this load must follow the input 
motion or command signal. These 
specifications can be given in one of 
two ways: as a functional description 
of the cycle the load undergoes in the 
machine, together with the maximum 
departure from ideal follow-up; or as 
a number of constants, mathematically 
founded, which will have direct mean- 
ing to the servo designer. The first is 
a description of what the equipment 
designer expects the servo to do, while 
the second is phrased in the language 
of the design mathematics of the servo 
control loop. At this point a compro- 
mise language must be developed that 
will serve both purposes. Thus, the 
industrial designer must think to some 
degree in terms of the data required 
by the servo designer, while the latter 
often must accept incomplete non- 
mathematical load performance speci- 
fications. 

These specifications can be classified 
in two groups: those considering the 
steady state performance of the load, 
and those describing its dynamic or 
time-varying behavior. Steady state 
conditions exist when the error to the 
servo amplifier is constant or zero, 
while this error varies as some func- 
tion of time during the dynamic per- 





formance of the loop. Under boi 
conditions the same thing must | 
specified: the error between the i: 
stantaneous position of the load an 
its ideal position as requested by th 
input command. 

The steady state specification is e 
pressed as a regulation figure for th 
velocity servo, and as a reset error and 
velocity lag in the positional loop. Fo: 
the velocity servo, the regulation is th 
decrease in output velocity as the load 
demand torque varies from minimum 
to maximum, with the input command 
signal kept constant. It can be ex. 
pressed either as a percentage of top 
speed or as a speed droop in revolu- 
tions per minute. It is measured, and 
has significance, only when all tran. 
sients have settled and steady state con- 
ditions have been achieved. 

The static (or reset) error is the 
first of the two steady state specifica 
tions for the positional loop. It is a 
measure of the misalignment between 
the input and load positions, with the 
input at rest. It is also the static accu- 
racy of the system. It can generally be 
derived from the functional require- 
ments of the servo loop, yet enters di- 
rectly into the design mathematics of 
the servo loop. 

The principal sources of this static 
error are the imperfections in the data 
elements (synchros, potentiometers, 
linear pickofts), and the static friction 
in the system. The equipment designer 
must choose his data system so that it 
is capable of an accuracy better than 
the expected servo static error, and the 
servo engineer must design the loop 
so that the misalignment from static 
friction is equal to or smaller than the 
difference between static error and data 
system inaccuracy. 

The data system error will be a mis- 
alignment that varies with the output 
position. The static friction error, how- 
ever, will appear as a dead spot in the 
output shaft movement, with the load 
stable in any position within the area 
of this dead spot. 

The second steady state performance 
specification is the velocity lag or error. 
If the input shaft is rotated at some 
velocity less than the maximum, the 
output shaft will follow at exactly the 
same velocity, but generally lagging 
the input by some angle. This angle 
is the velocity error and increases with 
the velocity. Its value at any one speed 
is fixed principally by the total running 
friction or demand torque at that 
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speed, and any internal reduction in 
the motor running torque from its stall 
torque. Thus, anything that increases 
the Joad demand torque, or decreases 
the motor developed torque, will con- 
tribute to the velocity error. 

The velocity error figure is of in- 
terest to the servo designer, since it 
enters directly into the loop mathe- 
matics. But it may not be important 
to the operation of the proposed ma- 
chine, especially where accuracy of po- 
sitioning (static error) is the principal 
requirement. The equipment designer 
may ignore this specification, or he 
may have to interpret the cycle of op- 
eration of the load shaft to determine 
whether constant velocities exist for 
short periods of time, and then de- 
cide whether a velocity error specifica 
tion for these periods is important. 

The above specifications are the sim- 
plest to arrive at, since the operation 
of the machine can be interpreted in 
their light, and the various error fig- 
ures determined. However, the dy- 
namic performance specifications pre- 
sent a different problem, since their 
descriptive terminology comes directly 
from the design mathematics of the 
servo loop and it is often difficult to 
interpret the load cycle in terms of 
these specifications. 

This group of data deals with the 
speed of response required of the servo 
loop; the ability of the motor and con- 


Photoelectric 
template 
follower 
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trol circuits to respond to sudden 
changes in the input position. Thus, 
if an input shaft is suddenly displaced 
from 60 to 70 degrees, the load will 
attempt to follow, and in so doing, 
execute a transient that will reveal its 
dynamic performance. These charac- 
teristics apply to both velocity and po- 
sitional servos. 

The load transient movements are of 
two types. In the over damped trace 
of Fig. 5, the load never overshoots the 
final steady state position or velocity, 
but approaches it exponentially. This 
may be important for some applica- 
tions. However, if the same servo is 
made more sensitive to reduce the 
steady state errors, its motion becomes 
under damped. Most loops are de- 
signed to this response. 

Although an exact definition of the 
transient response is difficult, certain 
estimates are possible. The equipment 
designer can speculate on the effects 
of a sudden input change on the load, 
and set down a time limit for steady 
state to be reached. Thus, in a high 
accuracy indicator servo, the pointer 
may be required to settle 500 millisec- 
onds after the input is changed. This 
setting time can serve as a power 
ful specification for the loop, for it is 
equally meaningful to the equipment 
designer and the servo engineer. 

If the under damped response of 
Fig. 5 is typical, then most servos will 


Fig. 3- 


overshoot the final quantity, by some 
amount before coming to rest. Con- 
sider the follower servo that positions 
the cutting tool of a high speed lathe 
in accordance with a master template. 
A sudden step in the template will 
cause an overshoot in the tool, and 
undercut the shaft being machined 
The end use of the shaft will suggest 
a limit for the depth of the undercut, 
and, therefore, specify the transient re- 
sponse of the loop. 

In some applications, the transient 
damped natural frequency can be im- 
portant. For example, the load may be 
a massive, articulated member which 
exhibits self-resonant frequencies. If 
the transient were to occur at nearby 
frequencies, destructive amplitudes of 
oscillation might be set up. The higher 
the damped natural frequency, the fas- 
ter the load will reach steady state and 
the smaller the settling time. 

The usual specification of the tran- 
sient response by the servo designer 
is a statement of the settling time, 
the height of the first overshoot, and 
the damped natural frequency. The 
frequency response of the system is an 
alternate method of considering dy- 
namic performance. Here, the servo is 
treated as an audio amplifier; the fi- 
delity or reproduction of the input mo- 
tion by the output shaft is determined 
by measuring the amplitude and phase 
response as the input is moved in har- 


Block diagram of contour beveling equipment shown in 


Fig. 2. The photoelectric template follower drives a synchro gen- 


erator, electrically 


connected to four control 


Each 


transformers. 


transformer generates an error signal proportional to its misalign- 
ment with the generator. This signal is amplified and drives a servo 
motor to properly position the cutting torch. A damping generator, 
geared directly to the motor, stabilizes the loop. 








monic motion at a number of discrete 
frequencies spaced throughout the sig- 
nificant spectrum of the servo. But it 
is difficult to determine this specifica- 
tion from the operational requirements 
of the servo, and for this reason, the 
simplified transient response descrip- 
tion given previously has been sug- 
gested. 

It is sometimes necessary to set the 
maximum acceleration of the load. 
This can be considered a dynamic per- 
formance specification, and can be 
added to the transient response re- 
quirements. 

Typical performance requirements 
for the positional loop of Fig. 3 ate 
given in Table III. At this point, sys- 
tem specifications have been deter- 
mined to cover the purpose of the 
loop, the nature of the load, and the 
load performance required. Further 
specifications, Table IV, refer to the 
general requirements to which the 
equipment must conform. These may 
include environmental extremes, size 
and weight, available power, a state- 
ment of expected available mainten- 
ance facilities, duty cycle, expected life, 
and others that may be peculiar to the 
particular project under consideration. 
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SERVO SYSTEM 
DESIGN 


The immediate recommendations of 
the servo designer cover the practical- 
ity of the control scheme. If it looks 
feasible, the best data elements, the 
gear ratio between motor and load, 
the efficiency, backlash and accuracy of 
the gear train, and the size and type of 
servo motor can be specified from loop 
mathematics. The performance of this 
design can be predicted and changes 
suggested in the performance and en- 
vironmental specifications that will 
lead to a more balanced design. After 
the recommendation or design of the 
necessary amplifier or controller by the 
servo engineer, the equipment designer 
can procure all the components neces- 
sary to assemble his system. 

Because of the many problems that 
arise in the layout of the harness and 
the interconnecting cabling, the servo 
engineer should furnish the electrical 
wiring plan with recommendations on 
which wires to run together in a con- 
duit, which to shield, wire sizes and 
maximum possible lengths. Some of 
these problems give rise to ill-defined 


Fig. 4—The static friction is meas- 
ured as the torque required to move 
the load from rest. The running 
friction is the load demand torque 
at various speeds. 


Fig. 5—Response of under damped 
and over damped control loops to 
a sudden change in input. — 
ant factors are the height of the 
first overshoot, settling time and 
the damped natural frequency. 
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phenomena, so that care may be nece 
sary in tracking them down and a 

signing responsibility to a particular 
circuit. Cross talk between input si; 
nal leads, power line pick-up into th 
error channel, and parasitic feedback 
from output to input of amplifier are 


Table III —Performance Requirements oí 
Contour Beveling Equipment 





Maximum reset error...... 1 deg. (This includes 
Maximum velocity error er ie 


..« l see for 10 deg input 
Less than 50 percent. 


Sosiua sk Less than 2 percent. 





Table IV—General Requirements of 


Contour Beveling Equipment 
Available power........... 117 volte + 10 per- 
60 eps, +1 eps 

Environmental conditions —10 to 130 F 
p to’ 100 percent 
Corrosive atmosphere 


Duty cycle 


common offenders. In most applica- 
tions it is advisable to have the servo 
designer or a competent electrical en- 
gineer check the installation to insure 
that none of these or similar problems 
exist. 

In measuring the final performance 
of the machine, the operation of the 
output member or the appearance of 
the end product will often indicate 
whether or not the servo loop is oper- 
ating satisfactorily. Here, the servo 
engineer can contribute little—perhaps 
only a detailed measurement study of 
the loop taken for future reference. 
But where many servos are used, or 
where the machine is complex, spe- 
cial skills and instrumentation are 
necessary. A cooperative evaluation 
program may be called for to deter- 
mine the performance of the servo 
loop and the effect of its performance 
on the operation of the equipment. 

The servo engineer may also suggest 
maintenance schedules and methods 
necessary to insure continued opera- 
tion of the loop. These will include 
such things as the periodic replace- 
ment of components and checking the 
setting of the equipment controls. 


Acknowledgement: The author wishes 
to thank Mr. R. B. Steele of the 
Air Reduction Company Inc., for mak- 
ing available the data and photographs 
describing the contour beveling unit. 
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Fig. 1—The combustion chamber of this coal- 
burning heater is made of aluminized steel for 
good heat resistance. Above 900 F the aluminum 
coating starts to alloy with the steel base, form- 


ing a light gray surface layer of iron-alu- 
minum oxide. When once formed, the coating 
will not return to its original state after cooling. 


SPECIAL 


COATINGS 


for metals used at high temperatures 


A. H. SULLY 


Fulmer Research Institute, England 


FOR THE HEAVIEST DUTY and most 
important requirements in high tem- 
perature operation, special alloys are 
available which resist deformation at 
the service temperature, and have an 
adequate resistance to oxidation and 
corrosion in operating conditions. 
These alloys are expensive, however, 
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and equally important, often contain 
elements which are in short supply, 
so that it is only economical to use 
them in applications where their 
properties are fully utilized. For many 
applications a cheaper material, such 
as low alloy steel, would have adequate 
strength if only a means could be 
found of resistance to 
oxidation or corrosion by a suitable 
treatment of the surface. 
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ample of the utility of surface treat- 
ment is metals or alloys, such as those 
of molybdenum, which are strong at 
high temperatures, but oxidize very 
readily, so that they can only be used 
effectively if they are given a suitable 
surface protection. The types of pro- 
which may be 
sidered fall into three categories 

l. Surfac 


tective coatings con 


impregnation with at 


oxidation-resistant metal which diffuses 




















































into the underlying metal or alloy, i.e., 
“diffusion” coatings. The diffused 
elements which will be considered are 
aluminum, silicon, and chromium. 

2. Surface coating with a layer of 
non-porous material which does not 
diffuse into the metal, but gives it 
protection by acting as a barrier layer 


Aluminum.—The protection of fer- 
rous materials against oxidation at 
high temperatures by the deposition 
of a surface layer of aluminum de- 
pends upon the fact that at high 
temperatures in air, a protective layer 
of aluminum oxide is formed on the 
surface, Fig. 1. This process was used 
with success in Germany during World 
War 2 for the protection of high 
temperature parts of the V-1 missile, 
which enabled them to be mass pro- 
duced from low alloy stecl with a 
considerable economy in alloying ele- 
ments. Aluminum may be applied to 
the surface of steel in several ways: 

1. By solid cementation, in which 
the part is heated in contact with alu- 
minum powder. The reaction is 
speeded up if the aluminum powder 
is mixed with a halide which disso- 
ciates at the temperature of treatment, 
thereby providing an opportunity for 
vapor phase reactions to take place at 
the surface of the specimen. 

2. Spraying with a flame pistol 
from aluminum wire or powder. 

3. Painting with aluminum paint, 
followed by heating to volatilize the 
paint vehicle. 

4. By electrolysis in a fused, low 
melting point, salt bath, or in a suit- 
able non-aqueous bath containing alu- 
minum compounds. 

5. By rolling solid aluminum onto 
the surface of steel sheet. 

6. By dipping the article into a 
bath of molten aluminum. 

In all methods of application, the 
preparation of the underlying surface 
is of considerable importance. This 
must be free of scale, rust or other 
contamination; otherwise the adhesion 
of the coating will be adversely af 
fected. Care must also be taken, 
specially during hot dipping proc 
that 
n the 


esses, to make 


sure there is in 


timate contact betwee clean metal 





—— Diffusion Coatings 


between the metal and the atmosphere 
surrounding it, e.g., protective enamel 
or refractory coatings. 

3. Special coatings with a low 
thermal emissivity (highreflectivity) . 
They are effective in certain applica- 
tions in which a metal is heated largely 
by radiation, and which act by reduc- 


surface and the molten aluminum. 
Thus, in the continuous coating of 
steel strip, the steel must be protected 
against oxidation as it heats up when 
entering the molten aluminum bath. 
This may be achieved in one of several 
ways: The use of a protective atmos- 
phere, or the protection of the metal 
surface by a preliminary coating of 
some easily fusible metal, or by some 
other metal not easily oxidized which 
dissolves in the aluminum bath with- 
out detriment to it. 

The formation of dross on the 
aluminum surface at the point of entry 
of the article to be coated must also 
be avoided. The adhesion and effi- 


ciency of the coating is affected not 














ing the temperature of the irradiate 
metal by minimizing its absorption « 
heat. These coatings need not be pr 
tective in the same sense as those i 










category (2), since porous coating 
can be quite effective radiation suj na 
pressers, although they do not prever api 
oxidation of the underlying meta oth 
sma 
con 
oa 
1 
for 
cor 
coa 
only by the way in which it is applied ri 
but also by its subsequent heat treat pe 
ment. A short application of heat h 
which may be incurred during th e 
coating process, as for example durin, th 
hot dipping, results in the formation a 
at the interface of a brittle layer of a 
compound FeAl/,. The harmful effects i 
of this brittle layer must, if possible 
be avoided. Its effects may be mini- 2 
mized by adjusting the conditions of 3 
coating so that the thickness of the a 
layer of the intermetallic compound - 
is kept as small as possible; or, alterna- F 
tively, by a suitable heat treatment i 


which is so chosen that mutual diffu- 
sion of iron and aluminum occurs 
near the surface, with a subsequent 








Fig. 2—The effect of the temperature of Siliconizing on © 
the coating depth, for a low alloy steel, for a fixed time 
of treatment. If only thin coatings are required, the 
process can be carried out efficiently at 1,380 F. 


Fig. 3—The relationship between the thickness of chrom- 
ized coating, and the carbon content of steel. The coating 
thickness decreases rapidly as the carbon 

from 0 to 0.3 percent, and less rapidly thereafter. 
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reduction in the concentration §gra- 

nts, and a reduction in the amount 
of intermetallic compound. The addi- 
tion of silicon to the aluminum bath 
reduces the rate of formation of the 
intermetallic compound during hot 
dipping. It has also been claimed that 
other additions to the bath, such as a 
small amount of beryllium, improve 
considerably the brightness of the 
oating. 

The type of process which is used 
for aluminum coating depends to a 
considerable degree on the part to be 
coated. Spraying is particularly suited 
to the coating of large structural mem- 
bers; dipping is more effective for 
small parts especially those of com- 
plex shape; while both dipping and 
rolling on are particularly suited to 
the production of aluminum coated 
steel strip. 

When properly carried out, alu- 
minum coating gives a very effective 
protection against oxidation to low 
alloy steel. Parts protected in this way 
can be used for long periods of time 
at temperatures up to 1300-1400 F, 
and for shorter periods at consider- 
ably higher temperatures. Practically 
all ferrous alloys can be protected 
against oxidation by aluminizing, and 
the process can also be applied to many 
non-ferrous metals and alloys. 

Silicon. The impregnation of a 
metal surface with silicon is accom- 
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plished by reactions at high tempera- 
ture involving the vapor of silicon 
tetrachloride SiCl,. Silicon is provided 
by an interchange or replacement re- 
action in which silicon replaces the 
metal with the formation of a volatile 
metallic chloride. For ferrous materials 
the reaction is: 


SiCh + 2 Fe 4— Si + 2 FeCh 


If a reducing gas, such as hydrogen, 
is present in the treating atmosphere, 
silicon may also be provided at the 
specimen surface by a reduction: 


SiCh + 2 H: S> Si + 4 HCl 


An essential step in this, as in all 
surface diffusion processes, is the in- 
terdiffusion of and iron at 
the temperature at which the process 
is carried out. If there were no appre- 
ciable diffusion, the silicon content of 
the surface would rapidly rise to a 
high value, and the above reactions, 
both of which are reversible, would 
cease. At the processing temperature, 
however, inward diffusion of silicon 
and outward diffusion of iron occur 
continuously so that the coating thick- 
ness builds up progressively as the 
treatment is continued. 

The most commonly used processes 
for silicon deposition are: 

1. A process in which ferrosilicon 
or another silicon compound is heated 
at 1650-1850 F in the same enclosure 
as the parts to be siliconized, and 


silicon 


chlorine passed in. Silicon tetrachloride 
vapor, formed by the reaction of 
chlorine with the silicon bearing ma- 
terial, reacts with the surface of the 
article to be siliconized by the re- 
placement reaction. 

2. A process in which silicon tetra- 
chloride vapor with a diluent gas con- 
taining a proportion of hydrogen is 
passed over the articles to be treated 
at a suitable temperature. Silicon is 
supplied by both reduction and re- 
placement reactions. 

For low alloy steel, the siliconizing 
process is relatively rapid, a coating 
with a thickness of about 0.030 in. 
being formed in about 2 hours at 
1550-1750 F. The silicon content at 
the surface is usually about 15-16 
percent. 

The variation of the thickness of 
the siliconized layer with the tempera- 
ture at which the gaseous siliconizing 
process, is carried out, is shown for 
low alloy steel for a fixed time of 
treatment, in Fig. 2. This shows that 
if only thin coatings are required, the 
process can be carried out quite efti- 
ciently at a temperature as low as 1380 
F, or even The fact that the 
process can be carried out at a rela- 
tively low temperature is important in 
practice, since distortion of the part 
being processed, and metallurgical 
changes in the metal are minimized. 

Siliconized coatings on ferrous ma- 
terials are best known for their good 


le SS. 





Fig. 4—In the hardness of these chromized coatings, 
case/core interfaces are indicated by arrows, showing 
the coatings are thinner and increase in hardness, due 
the chromium carbide, as the carbon content is 
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carbon content in the steel is not ad- 
vantageous, since chromium has a high 
affinity for carbon. Therefore, chro- 
mized coatings on high carbon steels, 
due to the presence of chromium 
carbide, are much harder and more 


brittle than those formed on low car- 
resistance to attack by concentrated solid chromium) can be effectively bon steel, or on steels especially 


and dilute acids. They also offer pro- carried out, but the process requires a developed for chromizing, in which 
tection against oxidation at moderately very high temperature. Commercial the carbon is “fixed” by the addition 
high temperatures, and have good re- chromizing processes are based upon to the steel of elements such as 
sistance to thermal shock, i.e., the dis- the reaction at the specimen surface titanium, which has an even higher 
ruptive effect of stresses resulting from between the metal and a chromium affinity for carbon than chromium. 
differential expansion during fast heat- halide, which proceeds effectively at The variation in thickness of a coat- 
ing and cooling. a much lower temperature than that ing formed in a standard chromizing 
Siliconizing also affords a method necessary for solid cementation. Usu- treatment with the carbon content of 
of protecting the highly oxidizable, ally, the process is carried out in the the steel is shown in Fig. 3. This 
high melting point metal, molybdenum presence of hydrogen so that, like shows that the coating thickness de- 
against oxidation. The process is car- silicon, chromium is supplied by both creases rapidly as the carbon content 
ried out most effectively at a higher replacement and reduction reactions increases from 0 to 0.3 percent, and 
temperature (up to 3270 F) than that of a similar type to those referred to then less rapidly as the carbon content 
used for iron, and results in the forma- above. Coatings 0.02-0.05 mm thick _ is further increased. Fig. 4 shows the 
tion at the metal surface of a layer are formed upon low carbon steel in hardness of chromized coatings on 
of molybdenum disilicide. Coatings of _ periods of the order of 4-6 hours at steel containing 0.1 and 0.4 percent 
this kind have been reported to with- temperatures of 1650-1850 F. Several carbon, and on cast iron containing 
stand for many hours, exposure to processes are operated commercially, 3 percent carbon, plotted as a function 





Time,hours 


























temperatures as high as 3630 F. the halide used being either the of the depth below the surface of the 
chloride, iodide, or fluoride. coating. 

Chromium. Chromizing by cemen- Not all ferrous materials can be The process is usually carried out 

tation, (by heating in contact with chromized with equal success. A high by packing the parts to be chromized 
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in a suitable compound which pro- 
vides the volatile halide, and then 
heating in a reducing atmosphere. It is 
thus essentially a batch process, but 
it has been successfully developed 
commercially to such an extent that 
for many applications it is economi- 
cally more attractive than the use of 
more expensive highly alloyed steels. 

When suitably applied, chromized 
coatings are ductile, and highly re- 
sistant to thermal shock, oxidation, and 
to corrosion, Fig. 5. They give re- 
sistance to oxidation of ferrous ma- 
terials up to a temperature of the order 
of 1,650 F. Fig. 6, taken from work 
by Galmiche, illustrates the resistance 
to oxidation expressed by gain in 
weight per unit area of surface for 
chromized coatings 0.1 and 0.25 mm 
thick at temperatures up to 1,830 F. 
The oxidation for the 


curves two 


samples begin to diverge at a tem- 
perature of 1,650 F, and the diver- 
gence is greater at 1,830 F. This is 
due to the interdiffusion between the 
chromium rich surface and the under- 
lying iron, which results in a reduction 
of the high chromium content at the 
surface, particularly of the thinner 
coating, and a consequent loss in re- 
sistance to oxidation. 

A similar limitation on the tem- 
perature at which surface coatings can 
be used is placed on all metallic coat- 
ings of this type. The temperature 
will vary for different types of coat- 
ings, but in all cases the limit is placed 
by the rate of interdiffusion between 
the coating and the base metal. Ul- 
timately, if the coated article is held 
at a high enough temperature, the 
diffusion would proceed to such an 
extent that complete interdiffusion 


would occur. The metal would then 
become of uniform composition, in- 
sufficiently enriched in the alloying 
element to have an improved resist- 
ance to oxidation or corrosion. 

The oxidation resistance of chro- 
mized coatings can be still further 
improved by a combined diffusion of 
chromium with other elements, par- 
ticularly with silicon and aluminum, 
which is achieved by introducing sili- 
con or halides into the 
treating atmosphere. This results not 
only in the: production of a thicker 
alloy layer on the surface for a given 
time of treatment, but the oxidation 
resistance of the surface is higher than 
that of the pure chromium-iron alloy. 
Diffusion into the underlying metal is 
minimized so that such coatings can be 
used to protect ferrous materials at 
temperatures up to at least 1,830 F. 


aluminum 


Protective Refractory Coatings 


The enamelling of ironware to im- 
prove its resistance to corrosion is well 
known. The use of enamelling for 
protection against exposure to high 
temperatures is relatively new, and has 
required the development of new re- 
fractory enamels. Ordinary vitreous 
enamels are of little use for this pur- 
pose, because they are insufficiently 
refractory, and have too low a soften- 
ing temperature. As a result of this, 
if heated to a high temperature, the 
enamels would flow off the surface, 
leaving it unprotected. 

A high temperature protective coat- 
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iag normally consists of a proportion 
of refractory, usually an oxide such 
as alumina or chromic oxide, together 
with a vitreous enamel type of com- 
position of high softening temperature. 
The coating must be fired on at a 
temperature at which the enamel 
softens so that it provides a glassy 
matrix, bonding the refractory particles 
together and providing adhesion be- 


Bolar Aircraft Co. 


tween the coating and the base metal 
To get good adhesion and resistance 
to thermal shock during fast heating 
or cooling, it is important that the 
coefficient of expansion of the coating 
matches fairly closely that of the un- 
derlying metal. Coatings must, there- 
fore, be developed for a particular 
alloy, and no one coating can be ap- 
plied with equal success to greatly 





dissimilar materials such as mild steel 
and austenitic steel. 

The last few years have seen con- 
siderable advances in the development 
of new coating and enamel composi- 
tions, and their tise has been described 
for the protection of metal parts oper- 
ating at temperatures up to an upper 
limit of about 1,800 F. They can be 
used not only to offer resistance to 
oxidation, but also resistance to the 
effects of decarburization and carburi- 
zation, both of which can cause trouble 
in the use of alloy steels at high tem- 
peratures, Fig. 7. 

In general, the method adopted in 
making up a protective enamel consists 
in: the manufacture of the frit, which 
is the glassy bond; the admixture of 
this with the refractory constituents 
in the mill batch; and the reductioa 


Low Emissivity Coatings 


Coating metals to reduce their emis- 
sion or absorption of radiant heat at 
high temperatures is a relatively recent 
development. Typical examples of 
such coatings are the tail pipes of 
engines of military aircraft operating 
at night in order to prevent detection 
by visible or infra-red radiation, and 
the flame tubes of gas turbine engines 
in which a considerable proportion of 
heat transferred from the flame to the 
wall of the flame tube is by radiation. 
Reduction of the radiation heat trans- 


Fig. 8—The total emissivity of 
various refractory substances 
showing the variation with tem- 
peratures of 1,450-2,370 F. The 
pure alumina and i 

oxides have low values of emis- 
sivity at high temperatures. 


Fig. 9—Variation of the total 
emissivity. of a coating with its 
thickness at temperatures of 
1,650 and 2,200 F. The emis- 
sivity decreases with increasing 
thickness but is about constant 
for thicknesses over 0.006 inch. 


of the particle size by milling until it 
is sufficiently small to permit a fluid 
suspension to be made. The part to be 
enamelled is then dipped or sprayed 
with the enamel suspension, dried and 
fired at a temperature sufficiently high 
to cause softening of the frit, sintering, 
and the elimination of porosity. 

The frit compositions usually con- 
sist of mixtures of some form of silica 
with borax and alkalis such as soda, 
or alkaline earths, such as baria, and 
other metal oxides, the softening tem- 
perature being determined by the pre- 
cise composition chosen. This is melted 
and decanted into water to form the 
granulated frit. This is then ball 
milled to a suitable particle size to- 
gether with the refractory additives; or, 
alternatively mixing may be carried out 
after milling the frit and the refractory 


fer results in a reduction of the wall 
temperature of the flame tube. This 
allows the tube to be operated at a 
higher rating, or enables a cheaper 
and less heat resistant alloy to be used 
at the same rating. The maximum 
advantage results from the use of such 
an internal coating when the flame has 
a high luminosity, such as from the 
combustion of marginal fuels in which 
the flame often contains incandescent 
particles of unburnt carbon. 

Like the oxidation resistant enamel 


Total emissivity 
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additives separately. The milled mi: 
ture is then suspended in a suitab| 
medium which is usually aqueous, wit 
the addition of wetting agents, bon: 
ing agents such as enameller’s clay 
and the parts coated by dipping « 
spraying. Finally, the coatings ar 
fired on at a suitable temperatur: 
usually 1,650-1,850 F, for a fes 
minutes. 

The coatings are applied with th 
minimum thickness necessary to giv 
adequate protection to improve thei: 
resistance to thermal shock, and to 
assist the forming operations which 
may be carried out on the coated ma 
terial. Thicknesses of only 0.001 
0.002 in. often give enough protection 
and, when suitably applied, permit a 
considerable amount of bending of the 
metal without damaging the coating 


coatings already described, such coat 
ings must withstand vibration and 
thermal shock commonly encountered 
in service, especially in aircraft applica- 
tions. They do not, however, have 
to be intrinsically resistant to oxida- 
tion. Porous coatings on oxidation re- 
sistant metals can be quite effective. 
For less oxidation resistant materials 
such as mild steel, however, the coat- 
ing must also protect the underlying 
metal against oxidation, and for such 
applications the coatings must either 


jotal emissivity 
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be impervious or must be applied over 
a protective undercoating. 

The development of such coatings 
has followed the same general lines as 
the development of oxidation resistant 
oatings, and they consist of refractory 
particles bonded with a glassy matrix. 
However, the refractory particles must 
be of low thermal emissivity (absorp- 
tivity), and the coating must be ap- 
plied in such a thickness that radiation 
cannot be transmitted directly through 
the coating. Fig. 8 shows the variation 
with temperature of the total emissiv- 
ity of various refractory substances. 
The pure oxides magnesia and alumina 
have low values of emissivity at. high 
temperatures and are suitable sub- 
stances for incorporation in low emis- 
sivity coatings. 

Fig. 9 shows the variation of the 
apparent total emissivity of a coating 

at 1,650 F. and at 2,200 F. with the 
thickness in which the coating is ap- 
plied. The emissivity decreases with 
increasing thickness, but attains a fairly 
constant value for thickness in excess 
of about 0.006 inch. This is due to 
the direct transmission of radiation 
through the coating when it is thin. 
To have their maximum effect the coat- 
ings must, therefore, be applied in 
thicknesses of at least 0.005-0.007 
inch. This is greater than the thick- 
ness required for a purely oxidation 
resistant coating, and the coating com- 
positions must be formulated with 
resist vibration 
and thermal shock when applied in 
such relatively thick layers. 

In bonding the particles 


considerable care to 


of low 
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emissivity together and to the base 
metal with a glassy phase, some sacri- 
fice is made in the emissivity of the 
coating, since the glass bond has an 
intrinsically high thermal emissivity. 
However, if the amount of glass frit 
is kept to the minimum quantity con- 
sistent with its ability to provide an 
adequate bond, coatings can be for- 
mulated for which the loss of emis- 
sivity is not serious. This is illustrated 
by Fig. 10, in which the variation of 
emissivity with temperature is shown 
for the low emissivity refractory (in 
this case ground fused silica), a typical 
bonding enamel frit, and coatings con- 
taining 10 percent and 20 percent of 
enamel. 

To attain the maximum degree of 
resistance to thermal shock, the correct 
method of coating application must 
be used. When properly applied, the 
coatings will withstand repeated cycles 
of heating and cooling at rates likely 
to be encountered in service. In fatigue 
tests, both at room and elevated tem- 
peratures the coatings will not suffer 
any loss of adhesion before fatigue 
failure of the underlying metal occurs 
Inequalities of the thickness of the 
coating, such as ridges around holes 
may, however, lead to local and pre- 
mature failure of the coating at these 
points. However, spraying techniques 
have been developed which minimize 
these types of defects. 

Fig. 11 illustrates the efficiency of 
some coatings which have been devel- 
oped in suppressing radiation heat 
The amount of radiation 
suppressed, in comparison with that 


transfer. 


Radiation Suppression-Percent 
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absorbed by an oxidized creep-resistant 
alloy of the 80/20 nickel-chromium 
type, is plotted against the temperature 
of the source from which the part is 
irradiated for five typical coatings ap- 
plied to a metal surface at 1,650 F. 
At high source temperatures of 2,700- 
3,600 F, from 60-75 percent of the 
radiation which would be absorbed by 
the oxidized metal is reflected from the 
low emissivity coating. In certain fa- 
vorable cases where flames of high 
luminosity are involved, such a sup- 
pression of radiation may lead to a 
temperature reduction of a coated gas 
turbine flame tube by 400 F. 

In general, low emissivity coatings 
are not protective, and they rely, at 
least in part, on their porous structure 
to give the required low value of 
emissivity. If they are to be applied 
to alloys such as mild steel, which are 
not themselves intrinsically resistant 
to oxidation, they must be applied to 
a surface treated in such a way that its 
resistance to oxidation is adequately 
improved. Mild steel may be improved 
by chromizing, or by a thin layer of 
a sealed protective enamel. 


SELECTIVE BIBLIOGRAPHY 


Chromizing. Samuel, R. L. and Lock- 
ington, N. A. Metal Treatment (London), 
18, 1951, 354, 407, 440, 495, ibid. 19, 
1952, 27, 81. 

Siliconizing and Aluminizing. Gonser, 
B. W., Paper to 4th International Confer- 
ence on Industrial Heating. Paris 1952, 
Group 3, Section 32. Paper No. 203. 

Low Emissivity Coatings. Sully A. H., 
Brandes E. A. and Waterhouse R. B., 
Fulmer Research Institute. Special Report 
No. 1, April 1953. 


enamel bond. The 10-20 percent 
enamel is usually sufficient to 
give an adequate bond. 


Fig. 11—Radiation suppression 
coatings at 1,650 F for various 
sources, compared with the radi- 
ation absorbed by oxidized 
Nimonic 75, a creep resistant 
alloy of the 80/20 nickel- 
chromium type. 














Table I—SAE-ASTM Specification Rubbers 


Tear resistance, abrasion resistance, resili- | Poor oil and solvent resistance, poor | Tires, bumpers, hoce, gaskets, mounting, . 
ence, low energy absorption, long flexing | sunlight resistance diaphragms, bands, weather seals 
life, high strength and elongation 





TYPE OUTSTANDING PROPERTIES 








Natural 

































In general about equivalent to natural, 
availability and cost principle reasons for 
uve, high strength and elongation 


Poor oil and solvent resistance, low tear 
resistance, poor sunlight resistance, only 
fair resilience 


Tires, weather seals, 
mountings, gaskets 


bumpers, hose, 






Good resistance to oil and many solvents, 
high strength and elongation 





Only fair resilience, poor sunlight re- | Oil resistant hose, tank linings and pack- 
ings, oil and grease seals and gaskets 












Sunlight resistance, permeability te gases, 
very good resistance to oxidation, moisture 
resistance, high strength and elongation 


Not oil and solvent resistant, poor resili- 
ence 


Inner tubes, electrical insulation 



















Neoprene Abrasion resistance, sunlight resistance, 
moderate resistance to oil and many sol- 
vents, resilience, resistance to acids, ozone, 


and oxidation, high strength and elongation 





Only fair water resistance Oil resistant gaskets, hose, mountings, 


flexible couplings, bumpers 


















Thiokol Very good resistance to oil and many sol- 
vents, permeability to gases, very good 
resistance to oxidation, resistance toe sun- 


light 


Lew resilience, poor thermal stability, 
only fair tear resistance 


Oil resistant gaskets, diaphragms, hose 























Silicone Rubber. | Maintenance of properties at low and high 
temperatures, resistance to chlorinated 
liquid dielectrics, electrical properties, oxi- 


dation resistance 


Not ofl and solvent resistant, low tear 
resistance 


























Polyacrylie Resistant to oil and aliphatic solvents, sun- 
light resistance, thermal stability, good 
resistance to oxidation and ozone, lower 


swell in diesters than most other rubbers 


Poor low temperature flexibility, not 
highly resistant to aromatic solvents, 
ethylene glycol, steam and water 


How to Simplify Your 


Table II—SAE-ASTM Specification System 





CLASS REQUIREMENTS MATERIALS COVERED 













General-purpose; no resistance to action of petroleum | Natural rubber, reclaimed rubber, 
based fluids synthetic rubber, or rubber-like 
materials alone or in combination 


Synthetic 
materials 









Specific resistance to action of petroleum based fluids rubber or rubber-like 







*Limits of volume swell in oil, 70 hrs at 212 F, % 





ASTM Of No. 1 ASTM Oil No. 2 















—3 to +5 
(—20 to —10)** to +5 


SA (very low volume swell) 
SB (lew volume swell) 


0 to +10 
(—5 to 0)** to 
(+25 to +60)** 
(+10 to +50)** to 
(+70 to +150)** 







* ASTM Method D 471 
** Depending on grade No. 









SC (medium volume swell) (—10 to —5)** te 


(+10 to +15)** 















TA (max. resist. to high and low temp.) | Specific resistance to prolonged abnormal temperatures | Synthetic rubber or rubber-like 
TB (max. resistance to dry heat and | and compounded petroleum oils materials 
oils at high temperatures 
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Table I1I—Minimum Tensile-Elongation Relationship 
SAE-ASTM Specification System 


RUBBER FORMULATIONS 


created by 


growing complexity of rubber chemistry are 
virtually as numerous as rubber applications. 
These few represent six different types of 
rubber: Buna-N, Buna-cork, Neoprene, GR-S, 
Butyl, and Silicone elastomeric materials. 


Rubber Specifications 


New letter and number identification method based on SAE-ASTM specifications for 
rubber and rubber compounds makes selection easier, enables the shop to spot 


properties readily, reduces inventories. Westinghouse establishes exact requirements by 


numbering method alone. Here’s how their adaptation simplifies identification. 


C. E. ARNTZEN 


Materials Division 
Westinghouse Electric Corporation 


THE GROWING COMPLEXITY of rubber 
and elastomer chemistry has made the 
specification of rubber compounds con- 
siderably more of a problem than it 
was a decade or so ago when only 
natural rubber was available. Since the 
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introduction of neoprene in 1932, 
more than ten synthetic rubber or 
rubber-like materials have become 
commercially important, including 
GR-S, buna N, butyl, thiokol, silicone, 
polyacrylic, and certain elastomeric 
plastics. In addition, an almost infinite 
variety of compositions stem from 
these materials since many of these 
types can be compounded with each 


other to provide specific mechanical, 
physical, or electrical properties. 

This array of rubber and rubber- 
like formulations, accompanied by a 
frequent understandable lack of knowl- 
edge on the part of the user concern- 
ing their properties for specific appli- 
cations, has instituted a real need for 
rubber standardization programs. This 
need has been recognized for several 
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Table IV—Suffix Significance SAE-ASTM Specification System 


REQUIREMENTS 


Heat aging test for 70 hr at 212 F required with values for changes in 
tensile strength, elongation, and hardness, for Type R compounds only.** 
Compression set test required with values specified by system. 

Weather resistance test required.** 

Lead deflection test required with values specified by system. 

Oil immersion test required. Physical change in ASTM Oil No. 1. 

Oil immersion test required. Physical change in ASTM Oil No. 3. 

Oil immersion test required. Physical change in hydrocarbon test fluid. 
Low-temperature tests at —40 F required. 

Low-temperature tests at —65 F required. 


Tear test required.** 
Flexing test required.** 
Abrasion test required.** 
Adhesion test required.** 


Moisture absorption test required.* 


Flammability test required.** 


Repeated impact test required.** 


Staining test required.** 


Resilience test required with values specified by system 


Special test required.** 


* Values to be agreed upon between the purchaser and the supplier. 
** Test method and values to be arranged between the purchaser and the supplier. 


Table V—General Purpose Rubber—Non-Oil Resistant 
(SAE-ASTM Type R) Physical Properties 


ROOM TEMPERATURE 


GRADE 


9955-315 
9955-315.1 
9955-320 
9955-410 
9955-420. 
9955-505 
9955-515 
9955-520... 
9955-610 
9955-615 
9955-615.1.. 
9955-715. 
9955-810 
9955-905 


aaana na 


Stet RRERRRRE SD 


qaaqaaaaa a 





years, and the Society of Automotive 
Engineers and the American Society 
for Testing Materials have prepared 
joint tenative specifications for rub 
ber standardization (ASTM designa 
tion D735-52 aT). Additional stand- 
ardization programs have been under 
taken by individual companies, such 
as Westinghouse, where aims are to 

1. Reduce the number of different 
types of rubbers used by establishing 
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HEAT AGED, 70 HRS. 
AT 158 F 


Max. Max. 
Change | Change 
in 
Tensile 
Strength, 


Moe R Re 
rn ann 


wewht hv ty 
Aanann a 


a limited number of standard grades. 
2. Permit the preparation of Pur- 
chasing Department specifications so 
that all rubbers can be bought on speci- 
fication rather than by trade name. 
3. Aid the engineer in selecting a 


rubber for a specific application 


SAE-ASTM STANDARDS. A note- 
worthy feature of the SAE-ASTM 


specification scheme is its flexibility. 
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Presently, it covers only those materia 
shown in Table I. But it is so design 
that as other materials possessing ela 
tomeric properties become more wide 
used in the automotive or aeronautic 
field, it can be adapted to cover the 
also, including such materials as vin,’ 
chloride polymers and copolymer 
vinyl butyral, polyethylene, chlor 
sulfonated polyethylene, monochlor 
trifluorethylene, and tetrafluorethylen« 

In practice, the specification method 
divides rubber into three types: Ty; 
R... non-oil resistant; Type S$ . . 
oil-resistant; Type T . . . high tem 
perature resistant. It further divides 
two of the types, $ and T, into dis 
tinct classes, Table II. The table shown 
gives the limits of volume swell in oil 
for class SA, SB, and SC in condensed 
form. Since these limits vary with thc 
grade number as well as with the class 
reference to tables in ASTM specifica- 
tion D735-52aT is necessary to obtain 
exact values. 

For type R and each class of the S 
and T types, a list of standard grades 
has been established, based on the 
durometer hardness, tensile strength 
and ultimate elongation of the material 
within specified ranges. Minimum 
elongation is not designated as such 
in the SAE-ASTM specification sys- 
tem for standard grades. 

However, the assignment of a mini- 
mum tensile strength automatically es 
tablishes the minimum elongation, 
since only one minimum elongation is 
assigned to each minimum tensile 
strength for a given grade number, as 
illustrated by examples in Table III. 
Actually, the three properties combined 
with change in tensile, elongation, and 
durometer hardness after heat aging 
for 70 hr at 158F, 212F, 350F, or 
iSOF, and compression set (except 
TA) after 22 hr at 158 F or 70 hr at 
212 or 300 F constitute the basic re- 
quirements for each grade. 

Within the type and class, the prop- 
erties of the rubber are identified by 
grade number and suffix letter. The 
suffix letter identifies special require- 
ments, eighteen of which have been 
established and assigned letters A 
through R, Table IV. Requirements 
other than these, such as odor and re- 
sistance to ozone must be established 
by the purchaser and supplier and are 
identfied by the letter Z. With this 
system, for example, a specific rubber 
compound such as §B625F,RZ reveals 
the following: It is an oil-resistant 
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type (S); exhibits low volume swell 
in oil (SB); possesses a durometer 
hardness of 60+5(6) and a minimum 
tensile of 2500 psi (25); and meets 
special requirements of —40F. low 
temperature resistance (F,), resilience 
(R), and freedom from odor (Z). 


ADAPTATION OF STANDARDI- 
ZATION SYSTEM. By standardizing 
on the SAE-ASTM grades, Westing- 
house is adapting this rubber specifi- 
cation system with a set of Purchasing 
Department Specifications which will 
identify the materials for personnel in 
the shop, as well as for the Purchasing 
Department and supplier. The mate- 
rial specifications which have been, or 
will be, drawn up include: 

(a) General-Purpose Rubber, Non- 
oil resistant; SAE-ASTM equivalent: 
Type R 

(b) Natural Rubber; SAE-ASTM 
equivalent: Type R 

(c) Buna S; SAE-ASTM equiva- 
lent: Type T 

(d) Butyl Rubber; 
equivalent: Type R 

(e) Thiokol; SAE-ASTM equiva- 
lent: Class SA 

(f) Buna N; SAE-ASTM equiva- 
lent: Class SB 

(g) Neoprene; SAE-ASTM equiva 
lent: Class SC 

(h) Silicone Rubber; SAE-ASTM 
equivalent: Class TA 

(i) Polyacrylic Rubber; SAE-ASTM 
equivalent: Class TB 

The first specification designates no 
particular composition requirements. 
It calls merely for a general-purpose 
non-oil resistant rubber with a mini- 
mum number of requirements so that 
it can be purchased at relatively low 
cost. The remaining classifications 
cover specific materials and can be 
identified readily under the SAE- 
ASTM system. As new elastomers are 
used, they will be added to the West 
inghouse system and will be identified. 
Because of the clear definition of each 
over-all specification, no letters are re 
quired to indicate type or class. Table 
V shows how this 
applied to the first 
eral-purpose rubber, non-oil resistant. 
The number 9955 assigned to this 
specification is merely an arbitrary 
designation assigned in sequence to 
identify the over-all specification, 
“general-purpose rubber, non-oil re- 
sistant.” The particular standard 
grades covered are designated by 


SAE-ASTM 


system works, as 
specification gen 
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Table VI—Neoprene Rubber, Oil Resistant 
(SAE-ASTM Type SC) Physical Properties 


ROOM TEMPERATURE 


GRADE 


12158-410... 
12158-420... 
12158-510... 
12158-515... 
12158-610... 
12158-615... 
12158-615.1... 
12158-620.... 
12158-815.... 


esesesess 
eteeeeee et & 
AAAanaanan 


* Tested 70 hours at 212 F 


HEAT AGED, 70 HRS. 
AT 212 F 


Table VII—Buna S Rubber, Non-Oil Resistant 
(SAE-ASTM Type R) Physicial Properties 


ROOM TEMPERATURE 


GRADE 


12159-320... 
12159-410 
12159-420... 
12159-515... 
12159-520. ... 
12159-610... 
12159-615... 
12159-715... 
12159-810... 


eee et & 
anann anA 


HEAT AGED, 70 HRS. 
AT 158 F 


Table VIII—Buna N Rubber, Oil Resistant 
(SAE-ASTM Type SB) Physical Properties 


ROOM TEMPERATURE 


GRADE Du- 
rometer 
Hard- 


ness 


Min. 
Uit. 
Elonga- 
tion, 
percent 


Tensile 
Strength, 


vanoucn 


“dash” numbers, equivalent to the 
standard SAE-ASTM grades which 
identify the material as to hardness 
and minimum tensile strength. For 
example, Purchasing Department Spec 
ification 9955-315 is equivalent to 
SAE-ASTM grade R315. Special re 
quirements under the Westinghouse 
system indicated by a decimal 
number, taking the place of the SAE- 
ASTM letter sufhx 


are 


Purchasing D 


a low 


HEAT AGED, 70 HRS. 
AT 212 F Max. 
Com- 
pression 
Set, 
22 hr. 
at 212 F, 


percent 


Max. Max. 
Change | Change 
in in Ult. 
Tensile | Elonga- 

Strength, tion, 
percent percent 


Max. 
Change 

in Du- 
rometer 

Hard- 


—50 
50 
50 

—50 
50 


SBER 


partment Specification 9955-315.1, as 
does —615.1, calls for a compression 
set of 25 percent instead of the stand 
ard 50 PDS 


equivalent to 


percent; 9955-315.1 ıs 
SAE-ASTM 
If PDS 9955-420 required 
deformation would be 
Tables VI, 
VII, and VIII show how this system 


however 
R315-B. 
test it 


specified as 9955-420.2. 


has been extended to cover other rub 
ber specifications and its flexibility. 
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(8) - Integral worm 


Fig. 2—Comparative sizes of a shell 
worm and an integral worm for the same 
speed reduction ratio and center distance. 


JAMES E. GUTZWILLER 


Assistant Chief Engineer 
Standard Products Division, 
De Laval Steam Turbine Company 


IN WORM GEARING, the pitch diam- 
eters of the worm and the gear are 
not proportional to the speed reduction 
ratio. A single compact set of worm 
gearing can provide a large reduction 
in speed. Worm gearing, therefore, 
avoids the need for a multiplicity of 
gearing members and bearings. 

The conditions of tooth contact gov- 
ern the selection of materials for the 
worm and gear. The meshing action is 
a combination of sliding and rolling, 


: iy Housing and Lubrication with sliding becoming dominant in 


AN 


the higher reduction ratios. To ob- 
tain a low coefficient of friction in slid- 
ing, dissimilar materials are normally 
selected for the two gearing members. 
Since the worm experiences the larger 
number of contact cycles, it is made of 
the harder material. The higher the 
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rubbing velocity, the more critical is 
the need for materials that operate 
with good frictional or bearing proper- 
ties. 

For general application over a wide 
range of speeds, experience indicates 
that the most serviceable combination 
of materials is 2n alloy steel worm, 
case-hardened and thread ground, mat- 
ing with a chill cast nickel-tin-bronze 
gear. This combination of materials is 
standard with most manufacturers of 
worm gear speed reducers. 

The worm is case-hardened to ob- 
tain a hard wear-resistant surface. 
While the use of chill cast nickel-tin- 
bronze for the gear predominates, cast 
iron, aluminum bronze, and manga- 
nese bronze are often satisfactory 
where speeds are low and bearing 
properties are not as important. 

Reliable data covering the compara- 
tive power capacities for worms and 
gears of different material combina- 


rw = pitch radius of worm, in. 

rq = pitch radius of gear, in. 

a == axial tooth pressure angle, deg 
y = helix or lead angle of worm, deg 


P=Q/rw; S=Ptana/tany; T=P/tany; Lw=a+b; Lag=c+d 





Radial Load |y PAFS- UP] VP? 
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Table I—Principal Forces and Bearing Loads In a Worm and Gear Pair 


P = tangential force on worm, lb 
Q = torque input to worm, Ib in. 
S = separating force, Ib 

T = axial thrust of worm, Ib 





Pa/Lw = Pı Pb/Lw = Pi 


Sa/Lw =S Sb/Lw = S: 





Trw/Lw= U: 


T 





VP+- U] VRE+T 


tions have been slow in accumulating. 
Some data have been published but 
these lack sufficient verification by test 
and application to be of much value. 
For example, the load carrying capaci- 
ties for the various grades of cast iron 
are difficult to establish because of the 
wide scatter in available data. 

The American Gear Manufacturers 
Association Standard 213.02, “Surface 
Durability of Cylindrical Worm Gear- 
ing,” establishes ratings for the class 
of gearing generally employed in worm 
gear speed reducers. These ratings are 
based on the results of many years 
of experience with a large variety of 
applications and apply to gearing in- 
corporating a case-hardened and thread 
ground alloy steel worm mating with 
a gear of chill cast nickel-tin-bronze. 

Since a worm must be essentially of 
the same pitch diameter, pitch, lead, 
and tooth form as the hob used to 
cut the gear, it is most important in 


BEARING LOADS 





Trw/Lw= U: 
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the first stages of design to know 
what hobs are available. With such 
knowledge, the expense and delays of 
procuring a special hob can be avoided 
by designing the worm on the basis 
of an existing hob. Prior to final de- 
sign, if the gearing is to be purchased, 
the supplier should be consulted to 
determine what tooling he has for 
producing a worm and gear that meets 
the basic design requirements. 

Most suppliers who produce a stand- 
ard line of speed reducers also manu- 
facture worms, gears, bearing housings, 
and end covers in quantities as stock 
parts. Early consideration given to the 
use of such available standard com- 
ponents can effect savings in the design 
and manufacturing costs of a proposed 
gear set 

Worms may either be machined in- 
tegrally with their shafts or be ma- 
chined as single parts and then assem- 
bled on their shafts. The latter type 
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known as a shell 
worm”, Fig. 2 (A). Practical limita 
tions make the shell worm a necessity 


s commonly 


on some applications, but the bore of a 
shell worm must be of sufficient siz 
to accommodate a shaft of the required 
stiffness. The diameters of shell 
worms, consequently, are usually large 
in comparison to those of the integral 
type, as indicated in Fig. 2. Increased 
diameter results in a decreased lead 
angle and higher rubbing velocity, 
which in turn results in lower efficiency 
and load carrying capacity. For these 
reasons, the integral type worm is pre 
ferred 

After the preliminary specifications 
of the gearing are completed, the next 
design step is to arrange for the sup 
port of the worm and gear 

The choosing of worm and gear 


shaft diameters, the selection of bear 


ings, and the design of housings to 
support the worm and gear shafts, all 
require a careful determination of the 
gearing forces and their resolution into 
radial and axial components of bend 
ing and bearing loads. In Table I 
equations are given for the principal 
forces and bearing loads. 

Final selection of bearings is affected 
by many factors among which are: 
Speed, combination of radial and 
thrust loads, distance between bear- 
ing supports, and ease of assembly. 

During the period after the start of 
operation when the temperatures of 
the lubricant, gearing and casing rise, 
the worm and casing may expand at 
different rates. This factor must also 
be considered in selecting bearings 
and designing supports for them to 
prevent excessive loading. 


Angular contact ball bearings or 
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tapered roller bearings can be us: 
to absorb the thrust on the worm. Fi 
short worm spans not exceeding eig! 
or nine inches, these bearings a: 
mounted opposed as shown in Fig 
3(A) and (B). The normal metho 
of mounting a shell worm is show 
in Fig. 3(B). In this arrangement 
the worm is press fitted on the shat 
and keyed, sometimes a set screw 
used in addition to the key. Basically 
the heavy thrust of the worm is trans 
mitted to the bearings through 
spacer. 

For longer spans, because of diffe: 
ential expansion, a preferred metho 
of supporting the worm is shown ii 
Fig. 3(C). At one end of the worm 
either duplex ball bearings or a pair 
of tapered roller bearings carry com 
bined radial and thrust loads. At th: 
other erd of the worm, a radial bear 
ing (either a ball bearing or a cylin- 
drical roller type) permits endwise ex 
pansion of the worm. 

If a ball bearing is used, any re 
striction must be avoided that would 
prevent endwise movement of the bear- 
ing in the housing. If a cylindrical 
roller bearing is used, it should be a 
type that permits axial movement with- 
in the bearing itself. 

Although tapered roller bearings arc 
most commonly employed for support 
of the gear shaft, almost all types are 
in use for this purpose. Tapered roller 
bearings are so designed that generally 
they can be mounted in opposition, as 
shown in Fig. 4, to support the slow 
speed gear shaft with little concern 
about differential expansion. 

The gear shaft can also be supported 
by bronze sleeve bearings having a 
flange thrust face on the inside end 
In such designs, hardened steel wash- 
ers are installed between thrust faces 
and gear hub. 

Use of precision bearings may be 
dictated by any of several considera- 
tions. Close tolerances on shaft run 
out or smoothness of motion transmis 
sion such as are often encountered in 
machine tool work may indicate the 
need for precision bearings. If the 
gearing is to operate with a minimum 
of backlash, precision bearings may b: 
required to prevent alternate binding 
and looseness. Similarly, precision 
bearings may be required to avoid 
excessive runout of gears. Such run 
out adversely affects the accuracy of 
tooth meshing and results in noise and 
excessive wear when speeds are high. 











In designing bearing supports, the 
first consideration is that they be 
sufficiently stiff to prevent excessive 

flections under load. Other factors 
of major importance are bearing ad- 
justment and ease in assembling the 
earings and gearing. 

Since the threads of the worm are 
nveloped by the teeth of the gear, the 
gear cannot be moved sidewise into 
mesh with the worm. The most com- 
mon method of assembly is to move 
the gear radially into mesh with the 
worm as indicated in Fig. 5(A). To 
facilitate this method of assembly, the 
gear casing is usually split in a plane 
passing through the centerline of the 
gear shaft and normal to a line con 
necting the center of the gear and 
the center of the worm. Another 
method of assembly is to screw the 
worm into mesh with its enveloping 
gear as indicated in Fig. 5(B). For 
assembly in this manner, the diameters 
of parts adjacent to the worm thread 
section must be such as to afford clear- 
ance. 

Provision for adjustment of the 
gearing at assembly is many times 
completely overlooked 
having threads that are 


The worm, 


continuous in 


form, is not critical in regard to end- 
location. The gear, however, 
must be precisely positioned in an axial 
position. In most assemblies, the ac- 
cumulation of tolerances on the dimen- 
sions of housings, shafts, bearings and 
gears makes it impractical to control 
the location of the gear by accuracy of 
machining alone. As a consequence, 
the correct positioning is normally 
achieved by shimming the gear at 
assembly. When parts are remachined 
to suit an individual assembly, the 
benefits of interchangeability are lost 
and the replacement of parts becomes 
complicated. 

For the adjustment of bearings, the 
same methods of shimming or rema- 
chining parts to suit may be used. 
Where tapered roller bearings are 
mounted at either end of a gear shaft, 
shims can serve the dual purpose of 
bearing and gearing adjustment. 

In addition to being a bearing sup- 
porting structure, the gear housing is 
an enclosure that retains lubricant, ex- 
cludes dirt and moisture, and dissipates 
heat. In the usual lubrication system, 
oil contained within the housing is di- 
rected by splash to the bearings and 


to the 


wise 


zone of tooth and thread con- 


Fig. 4—Tapered roller bearings mounted in op- 
position to support the slow speed gear shaft. 
Tapered roller bearings are so designed tha 
generally they can be mounted as shown with 


little concern given to differential expansion. 


Fig. 5—Two basic methods of assembling 
worm and gear. (A) Gear is moved radially 
to mesh with worm. (B) Worm is screwed 
axially into mesh with its enveloping gear. 
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tact. Natural splash can be aug- 
mented by flingers, scrapers and cups 
attached to the gear. Channels or ribs 
can be placed inside the housing so as 
to help direct oil to bearings. 

Where continuous 
speed is high, the space around the 
gearing should be sufficient to avoid 
the generation of excessive heat by 
oil churning and have a surface area 
adequate for good heat dissipation 
Close shrouding of the gearing by th 
housing should be avoided, except only 
when operation of the worm and gear 
set is intermittent. 

For splash lubrication, the recom- 
mended lubricant levels (1) 
Worm below gear, level at center o! 
worm; (2) Worm above gear, level 
at 4 of gear diameter; and (3) Worm 
gear, level at center of worm 


service is and 


are: 


beside 
and gear. 

To avoid excessive oil churning 
pressure lubrication is advisable where 
speeds are high. With this system, an 
oil cooler in the pipe line is an ad 
vantage. When the pressure lubri 
tion system also supplies oil to other 
parts of a machine, careful thoughi 
must be given to selection of a lubri 
ible for all 


cant that is suit omponents 
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DESIGN FEATURES 


Cams as Binary 


A recent development of the National Bureau of 
Standards for the Bureau of Census is a conveyor-type 
machine that automatically sorts business machine punch- 
cards. It uses the electrical signals produced by a read- 
ing device to position individual groups of sensing cams, 
their relative position forming the mechanical integrals 
of a binary numbering system. Conveyed with their, re- 
spective punchcards past pre-set electrical switch ter- 
minals, the cams actuate similarly coded switch elements 
to operate the proper conveyor table shutter mechanisms 
deflecting the “addressed” cards into collection pockets. 

The new machine was designed by J. Rabinow, 
Chief, Electromechanical Ordnance Division, National 
Bureau of Standards. He was assisted in the detailed 
mechanical engineering and supervision of construction 
by J. Miscampbell, also of NBS. Bureaus of Census per- 
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Cam resetting mechanism 


g 


Com setting solenoids 
„Recognition switches 
T 


A 
A ; Card dropping solenoids 
we 


Information bearing 
cams 


Numbers “Dial” Card Sorter Stations 


sonnel who contributed to the development include 
J. McPherson, L. Armstrong and A. Berlinski. 

Unlike conventional business machine punch card sort- 
ers, which—because of their central sorting operation 
—are limited to 12 sorting classifications, the new ma- 
chine can sort as many classifications as necessary, de- 
pending, of course, on the number of collection pockets 
that the physical limitations of the conveyor will permit. 
By use of the binary numbering system for coding the 
collection “address,” the number of sorting classifications 
or information bearing categories equals 2\—where n is 
the number of cams in each “address” group. 

At the start of the sorting operation, a reading device 
determines the sorting classification and, by energizing 
the proper cam-setting solenoids, positions the cams in 
each group to set up the binary number representing the 
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conveyed punchcard. As the line of cams moves down 
the conveyor, carrying behind it a “read” punchcard, it 
passes under a series of switches. By wiring each switch 
to recognize any particular combination of positioned 
cams, an electrical circuit is completed to a solenoid, 
which tilts a section of the conveyor table upwards to 
deflect the moving punchcard into the “addressed” 
pocket. 

The machine is not synchronous, since the spacing of 
the cards on the conveyor is not related to the spacing of 
the collection pockets. More than one pocket can be sup- 
plied for any particular category by setting a series of 
switches to recognize the same binary number. Then, by 
using a simple throw-over switch, operated by the weight 
of the cards, the cards can be collected consecutively. 


(continued on next page) 
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CAMS have two positions—with the point or 

upwards, a “1” is represented; with the apex for- 
ward, a “O” is designated. To position a cam for 
the digit “1,” the pawl of a setting solenoid is al- 
lowed to contact cam surface “A”, pivoting the cam 


Card Sorter (continued) 


Com setting 
solenoid 


Recognition 
f - witch 
5 swile 


i> 


$ 


contact a device to reposition the 


its “0” position before ing the address 
cam stig station. rapea Art nylon 
give an operating life as high as 100,000,000 cycles. 


eal deg 
hese 


into its upright position. Cam lug “B” is used. 
came 
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PRODUCT DESIGNS 


Two-cylinder diaphragm pump 


Concave Diaphragm 
Improves 
Pump Operation 


To permit the handling of cleaning solutions ranging 
from caustic to descaling acid, at pressures up to 300 
psi, the pumping element of a steam cleaner pump man- 
ufactured by Malsbary Mfg. Co., Oakland, Calif., was 
changed from a diaphragm of fabric and natural rubber 
laminations to one of solid neoprene. The design of the 
diaphragm was also changed. Instead of the conven- 
tional flat element, the new unit is molded in a concave 
shape. This factor overcomes pumping variations com- 
mon to the flat diaphragm previously used, with the 
increase in net displacement per stroke permitting re- 
duction in pump speed or stroke. The new diaphragm 
is clamped between the pump body and head, and is 
held around its circumference by a steel ring to prevent 
extrusion. It is thus completely sealed. Also, the “dished- 
out” shape spreads the flexing and improves the heat 
dissipation because of the thin inner wall. 
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CROSS-SECTION OF PUMP. Each piston consists of 
two diaphragms, one of solid neoprene for pumping, the 
other of neoprene and fabric for containing the lubricating 
oil and preventing passage of water into the interior 


should the pumping diaphragm fail. The diaphragms are 
tied together with a yoke that moves with the eccentric. 


Check valve seats, springs and disks are made of Monel 
for durability, and are assembled for easy servicing. 


CENTER PRESSURE 


DIAPHRAGM pumping action. When 
there is no water pressure, the dia- 
phragm clings to the face of the back- 
ing plate. As the pump moves forward 
on the pressure stroke, the diaphragm 
remains in position against the plate. 
When moving through the pressure 
stroke and starting the suction stroke, 
the diaphragm maintains its contact 
with the backing plate. At this point, 
the center is pulled back, but the 
diaphragm, being elastic and under 
compression from the outer ring and 
center plates, returns with it. 
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PRODUCT DESIGNS 


Electronic Dual-Motion Duplicators 


A voltage signal, produced by the deflection of a 
floating stylus on a full-scale template is electronically 
interpreted to automatically operate both the cross- 
feed and longitudinal-feed motors on Mackintosh- 
Hemphill Company’s new lathe. As a result, steel mill 
roll machining time based on standard manual opera- 
tion has been reduced as much as`9 to 1, with reproduc- 
tion accuracy within 0.001 inch. 

The duplicating equipment, developed by Raytheon 
Manufacturing Company and Voss Engineering Com- 
pany consists of a single control unit capable of 
interpreting signals received from the follower. This 
interpretation is accomplished without regard to the 
direction of deflection of the stylus against the tem- 
plate. Power is delivered to the correct motor—either 
longitudinal-feed or cross-feed—separately or to both 
simultaneously, as directed by the signal produced. 
Both duplicators use the same signal, one unit inter- 
preting it directly and the other balancing it against a 
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reference voltage for the motor rotation that is needed. 
Both the cutting tool and tracer head are mounted 
on the carriage cross slide. Thus, any movement of the 
tracer unit relative to the template results in identical 
movement of the cutting tool. The electrical circuit is 
designed so that when the tracer head is in contact with 
the template, deflection of the stylus less than normal 
causes tracer head movement toward the template. 
Greater deflection of the stylus against the template 
causes the head to move away from the template. End 
result is the exact contour of the template being trans- 
ferred directly to the mill roll being machined. 
Other features of the lathe include an automatic 
speed compensation for the change in mill roll diam- 
eter during machining, roll housings to speed set-up 
time, and a three “way” construction for better load 
distribution over the bed. Also, a specially designed 
tool holder to permit effective use of replaceable car- 
bide-tipped tools adds to the lathe’s productiveness. 
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ELECTRONICALLY con- 
trolled contouring lathe, over 
iS ft long and 65 in. across 
the bed, is being used to ma- 
chine steel mill rolls as large 





O00 
a as 54 in. in dia and weighing 
up to 40 tons. Tailstock is 
> nployed primarily as a cen- 
ering device with the head- 
stock furnishing the drive. 
E 
(a 
j7 PLAN VIEW of the lathe 
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| PRODUCT DESIGNS 
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ELECTRONIC control unit and op- 
erator’s control box. Duplicating 
unit A controls the rotational speed 
of the cross-feed motor. Unit B 
consists of an a-c amplifier, bridge 
rectifier, d-c amplifier and armature 
control to regulate the speed of the 
longitudinal-speed motor. Carriage 
can be positioned either manually 
or automatically, and a roughing 
control permits the operation of 
either motor at a selected speed 
when the follower is not in contact 
with the template. 


_--—-- Adjusting Nut 














-Suspension Spring 


-Secondary 


----Air Gop “A” 
-Primary 


— Yoke 


_--Air Gop "8" 


---Secondary 


Suspension Spring 
Pressure Plate 


a = Diophragm 
ma“ Mounting 
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— 
SENSING ELEMENT of the duplicating system is 
the follower. Deflection of the follower or stylus 
by the template tilts a wobble plate in contact with 
a pressure plate to move a yoke upward. Movement 
of the yoke changes the position of a primary coil 
relative to upper and lower secondary coils. The 
voltage signal that is produced is then directly pro- 
portional to the difference between the two air gaps. 
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THE FOLLOWER or stylus bears against the 
template with approximately 6 oz of pressure. 
Only 0.002 in. displacement of the stylus axis 
from its reference causes full rotational speed 
of the cross-feed motor. Translation of the 
template contour to the rolls is in a ratio of 
1:1. Accuracy between rolls produced from 
the same template is plus or minus 0.001 in. 


Am 


----Lon 


DIAGRAMMATIC SKETCH of dual motion control 
system. The servo loops consist of the follower and 
stylus, control box, control unit, motors and the rigid 
mechanical member connecting the tool support to the 
follower. Basic reference for the system is the machine 
itself. Attached rigidly to this base is the template 
support on which is mounted the template. Input to 
the system is the template contour. Output or drive 
members are the feed motors and gearing. Net result is 
an electronic servo control for positioning the cutting 
tool with respect to the two controlled axis 


Controlled axis 


=- Mill rolt 


utting.-- a 
oat Longitudinal Electronic 
feed motor control unit 


Contro! station 


‘Cross feed motor 


| “Cross feed | ONE FOLLOWER controls both 


ne 7 feed motors. The cross-feed dupli- 

enced cator motor positions the cutting 

| | tool in the ccection necessary to 
reduce the voltage signal to zero. 

| The longitudinal-feed duplicator 


m 


g feed 


5 > y AINS > à 
] Long feed setting balances the signal against a refer 





Armature Voltage 


ence with the resulting drive being 
an inverse function of the cross 
feed unit. For template angles be 
tween 0 and 90 deg, the duplicators 
work in conjunction and the re- 
sultant motion is the vector sum of 





the two components. 





First Amplifier Input 
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PRODUCT DESIGNS 


Self-Purging Increases Meter 


To insure prolonged meter accuracy under 
all flow conditions from capacity down to less 
than one gpm, the valve mechanism and outlet 
port are located in the lowest section of the 
A. O. Smith Corporation’s new PM-2 service 
station meter. The measuring cylinder ports are 
likewise located at the bottom of the cylinders 
allowing the meter to continuously purge itself 
of dirt and water. ` 

Friction between the pistons and cylinder 
walls is minimized by using sleeves of hard 
rolled stainless steel. The hard smooth surface 
and wear resistant quality of the sleeves increase 
the life of the leather piston seals. 

Meter calibration is accomplished by chang- 
ing the length of the piston crank throw. Length 
is changed by adjusting the relationship of one 
index plate to another, first being attached to 
the crankshaft and latter attached to an eccentric 
sleeve through which the crankshaft passes. 


Adjusting 
screw 


Adjusting disks 
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jf 
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Piston 


Stoiniess 
steel liner 


Cylinder port 


Crankshaft 


Yoke 


Calibration 
disks 


ABOVE is shown top view of meter. 
Small adjustments in meter flour rates 
as obtained by progressively inserting 
adjusting screw to align top and bot- 
tom calibration disks. 


METER is composed of three sub- 
assemblies easily separated for inspec- 
tion of internal parts. Bottom location 
of the valve sni dak port allow for- 
eign matter to be positively purged 
out of the mottom of the meter, main- 
taining meter accuracy. 
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OPERATION OF THE METER. 
Gasoline is pumped into the meter 
housing flowing through the valve 
and fluid passage-ways to the cylin- 
ders where it actuates the pistons, then 
is returned to the valve again where 
it is discharged through the bottom 
outlet. The pistons drive the crank- 
shaft through “Scotch Yokes” mem- 
bers and the lap-action valve is oper- 
ated by the bottom end of the piston 
crank throw. 


ORS 
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SUPERIMPOSED calibration plates 
are used to adjust the meter for ac- 
curacy. The top plate connected to 
the crankshaft has 15 equally spaced 
holes, and the bottom plate attached 
to the eccentric sleeve has 14 holes. 
By progressively inserting a screw into 
the holes the two plates move relative 
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ZZ] mord ZZZ A sts 
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r m~a the : y t} 
NTEN 3 UB to each other thus changing the posi 


tion of the crank throw. The adjust 
ment rate is approximately one and 
one half cu in. per increment. 


Adjusting 


SCORING is prevented at the valve seat by guiding the 
valve through a circular motion so that when dirt tends 
to get between the valve surfaces, it is immediately brushed 
away. The complete valve mechanism is contained in the 
base assembly to facilitate servicing 
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PART I 





Dynamic Loading 


Of Compression Springs 


The first of a two-part article, this discussion includes an 
introduction to dynamic loading and the general theory of 
elastic waves as applicable to helical compression springs. 
Part II, which will appear in a succeeding issue, presents the 
fundamentals and application of the Surge Wave Theory. 


KARL W. MAIER 


Northrop Aircraft Inc.* 


WITH STATIC LOADINGS, it is not nec- 
essary to distinguish between individ- 
ual coils of a spring. At a given time, 
all coils are at rest and have the 
same load and stress. One value of 
load P, the surface stress S, or the 
deflection F completely describe the 
spring status. Furthermore these 
parameters have linear relationships, 
suggesting the use of the load-deflec- 
tion rate Rpp, stress-deflection rate 
Rgp, and load-stress rate Rpg. For 
round-wire, these three rates are: 


g -< o d‘ 1 
Rpp = oe ($ \( DF \( y) (1) 


s fanon i 

mr = ( 2)( i \( v) (2) 
P = & 

Reps = 5 (4)(4 ) (3) 


With dynamic loading, however, the 
acceleration and deceleration of the 
coils introduce inertia forces that are 
appreciable in comparison to their 
elastic forces. The spring behavior 
varies from coil-to-coil, and in most 
cases, deviates from that based on 
static loading. Some differences are: 

1. Force exerted by one end of the 
spring will usually be of different mag- 
nitude than that exerted simultane- 
ously by the other end; 

2. Load-deflection 


i 


characteristics, 


Describing Spring Behavior 


The dynamic behavior of a spring 
can be described by one or more basic 
functions which involve two variables, 
time ¢ and a wire abscissa x. The lat- 
ter is used to identify a point of the 
spring as it changes position; it is 
measured from the rear end of the 
active spring along the helical center 


* Formerly with Springfield Armory, Springfield, Mass 


162 


line of the coiled wire. See Fig. 1. 

The basic functions referred to 
above are: 

Displacement or y-function. This is 
the primary function that corresponds 
to the deflection F in a static analysis. 
At any time ¢, the status of the entire 
spring can be described by 


y = y (z, t) (5) 


P(F), may not be linear; 

3. Some coils have stresses larger 
than the naximum static stress; and 

4. Velocity and kinetic energy of 
coils must be considered. 

To evaluate the effects of these dif- 
ferences on the performance character- 
istics and life of a spring, there are as 
new variables, the location of a speci- 
fied coil with respect to the spring 
ends, time, and the coil velocity. Also, 
since conditions change from coil to 
coil, Eqs (1) and (2) must be ex- 
pressed in terms of f, the deflection 
per coil. For round wire springs, the 
load-deflection rate per coil, Rp,, and 
stress-deflection rate per coil Ry, then 


become: 
Rey = P/f - ($) r) 
G 
Ry = Sif (2 \( s) (2a) 


Load-stress rate Rpg = Rp;/Rsy (4) 

Finally, the designer must have data 
to describe both the dynamic operating 
conditions and the spring behavior 
resulting from these conditions. 


where y is the displacement of a point 
from its equilibrium position to the po- 
sition it occupies when the spring is 
compressed. It is always measured 
from the free position, parallel to the 
axis of the spring. The direction of 
compression is usually selected as the 
direction of the positive y-axis. 

At a given time, ¢,, the y-function 
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vo = g 


gives the distribution of displacement 
over the wire length, 


y = y (2, t.), (5a) 
which is designated as the )-distribu- 
tion at time ¢,. On the other hand, for 
a given point with wire coordinate x,, 
the y-function shows the variation of 
lisplacement with time. 


y = y (2t) (5b) 

This is called the y-variation at 
point x,. 

Velocity or v-function. This is used 
to describe the distribution of velocity 
and kinetic energy in the spring. It 
can be evaluated for any point by dif- 
ferentiating the y function as follows: 


v=v(z,t) = y (2, t) 


at (6) 


Potential functions. These include 
the load function, P(x,t), the stress 
function, S(x,t) and the deflection-per- 
coil function, f( x,t). Representing po- 
tential energy, any one of the three 
can be used since they differ only by 
a constant of proportionality. 

Although the velocity function and 
the potential functions are secondary 
functions of the primary y-function, 
they are usually more convenient to 
use since they are more directly re 
lated to the acting forces than is the 
displacement. To express them in 
terms of y, consider the two points 
on the wire axis, x and (x + A x) of 
Fig. 1 at time f¢,. The displacements of 
these points along the spring axis, with 
respect to their free positions, arc 
y(x,t,) and y(x +- Ax,t,). Therefore, 
the deflection of the element Ax with 
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Fig. 1—Mass-spring system with exterior 
force Q showing typical values of wire 
abscissa x and displacement y. 


respect to its free position is 
ây = y (z + Arz, t.) — y (z, t.) (7) 
Taking f as the local deflection per 
coil, and L/N as the length of one coil, 
Deflection per coil _ Length of one coil 
Deflection of element Length of element 


or f/ay = i / Az (8) 


Substituting Eq (8) in to Eq (1a), 
the load transmitted through the in- 
crement becomes: 


à L Ay (z, to) 
P(z,t.) = (Rey) ( N \( Sy 5 ) (9) 


Making use of the definition of the 
derivative, the load function is 


P(z,t) =(Rpy) ( x (> & 9 ) (10) 


; L 
The term (Rp)f wy? represents the 


load-deflection rate of a spring seg- 
ment of 1 in. wire length. 
Similarly, 


S(z,t) = (Rss) ( D oy (ee) (11) 
and f(z,t) -( K \( ov (2.01) vie 


Table I lists all the various func- 
tions of two variables and their cor- 
responding subfunctions. The latter 
describe the particular distribution ver- 
sus wire abscissa at a given time t, 
or the particular variation at point x,. 
Also listed is a fourth potential func- 
tion, the V-function which will be in- 
troduced later. V is the velocity poten- 
tial in in./sec but must be distin- 
guished from v, the actual velocity. 


RECORDING SPRING MOTION. It is 
often desirable to supplement an analy- 
sis of dynamic behavior with tests that 
include recording the motion of coils. 
Several methods are now in use: 

1. High-speed movies. These are 
illustrative, but a quantitative evalua- 
tion is time-consuming. 

k Stroboscopic methods. These are 
simple, but limited to periodic motion. 

3. The time-displacement, or TD 
camera. This provides excellent rec- 
ords for quantitative evaluation. 

A setup for taking TD-photographs 
is shown in Fig. 2; Fig. 3 is a typical 
photograph. For quantitative evalu- 
ation, the records have marks to indi- 
cate the film speed, or time, and the 
magnification. 


Table I—Basic Functions Used in Describing the Dynamic Behavior of a Spring 


General, Te ee 
Function Type TwoVariables ae Atany | Atend A 
at time to point x, (x = L) 
y-function Displacement y t y (x, to) Y (Xo, t) y (L, t) 
P-function Load P t P (z, te) P (2o, € P (L, t) 
S-function Stress S (x, #) S (x, to) S (x., t 
f-function Deflection f (x, t) f (x, t f (2o, £) 
per coil 
V-function Velocity V (x, t) V (x, to) T i 8 
potential 
v-function Velocity v (x, t) v (x, to) v (Xo, £) v (L, t) 
a-function Acceleration a(t 
Q-function Force Q (t) 
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Variation vs time 


Remarks 
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Important for performance 
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For comparison with TD-| functions 
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Describes motion of coils 
Acceleration of Mass M 
Exterior force on Mass M 
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Analysis of Operating Conditions 


A particular case of dynamic load- 
ing is completely described by the fol- 
lowing factors: Spring data; initial 
conditions; boundary conditions; ef- 
fect of cycling; and damping. 

SPRING Data. A round wire spring 
can be described by five parameters: 

G — Torsional modulus, psi 

d -— Wire diameter, in. 

D Mean coil diameter at free height, 

in. 

N — Number of active coils 

Hy — Free height of spring, in. 


The inert mass of the dead coils.at 
the spring ends, that is the coils that 
do not store potential energy, should 
also be known since they introduce sec- 
ondary loading effects. 

The outer diameter D,, inner diameter 
D; active solid height H,, and spring 
index C are other parameters of inter- 






est. They are designated as secondary 
parameters and can be derived from 
the primary ones with the formulas: 


D, = D+d (13) 
D =D-d (14) 
Ha = (N) (d) (15) 
C = Djà (16) 


The rates Rpp Rsp and Rpg of the 
spring are determined by Eqs (1 a), 
2 a) and (4). 

In addition, a number of dynamic 
parameters will be defined such as the 
propagation time of a stress wave, the 
natural frequency of a spring, etc. 


INITIAL CONDITIONS. To completely 
describe a spring at time / O, the 
y-distribution, y(x,0) and the v-dis- 
tribution v(x,0) must be known. In 
practice, any one of the potential func- 
tions can be specified instead of the 
displacement function. 


BOUNDARY CONDITIONS. The condi- 
tions that describe the motion of the 
ends A and Z must be given either 


Fig. 2—Above is shown set-up for 


taking time-displacement photographs 
of a spring under dynamic loading. 








directly, by means of y-functions, o: 
indirectly by the equilibrium of forces 
at the spring ends. In the general case 
both ends of the spring can move 
freely. Usually, however, only one end 
moves; the other is either rigidly fixed 
to the rear stop, in which cas: 
y(0,t) = 0, or it can only move away 
from the rear support in the direction 
of the negative y-axis. Then, 
y(0,) <0 

With respect to the conditions at 

the free end, four major cases can be 


distinguished. 


CASE I: Free vibrations of spring 
alone. 

If external force is denoted by Q, 

P(L,t}) =Q@=0 

A typical application is the sudden re- 
lease of a precompressed or accelerat- 
ing spring. The rear end Z either can 
be fixed or restrained by a one-way 
support. End Z transfers forces to the 
support, but no energy. The velocities 
and the frequency of free vibration arc 
ot interest. 


CASE II: Spring alone under exterior 


f WCE. 


In many practical problems types of 
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Fig. 4—(A) Accelerating spring. Mass is accelerated from rest 
by spring when stop is removed until mass separates from end A. 
Velocities of 100 ft/sec have been developed in this way. (B) 
Buffer spring. Mass with velocity vo hits spring either directly or 
through a spring washer, is decelerated, stopped and accelerated 
in opposite direction. Boundary condition (M d°y/d? = P(L,t) 


the external forces rather than the 
spring force. If so, the spring can be 
isolated from the system and the effects 
of the linkages considered as either a 
prescribed variation of motion or force. 

The case of prescribed motion is th< 
more important of the two. Here, the 
displacement y(L,t) of end A is given 
directly. The external forces Q(t) 
enforce the prescribed motion regard- 
less of the counteracting force P(L,t). 

A typical application that is com- 
mon in gun spring work is shown in 
Fig. 4(C). At initial height H,, the 
heavy mass receives an impulse from 
external forces, and acquires a high 
velocity. It travels stroke s, com- 
pressing the spring until it is stopped 
by a stiff buffer spring which has a 
high energy capacity and acts in paral- 


lel with the soft recuperating spring. 
During compression the velocity is 
almost constant: 

This stroke is typical of prescribed 
motion since the retardation of the 
mass by the recuperating spring is 
negligible during compression. This is 
usually not true for the extension 
stroke since then it serves to return 
the mass to its initial position. 

The periodic cycling of a light 
spring in a crank-drive spring tester by 
a heavy fly-wheel represents another 
example of prescribed motion. The 
y-function of A closely approximates 
a sinusoidal function: 


y (L, t) = y. sin (wt) 


where w is the operating frequency of 
the machine in rad/sec. 


TIME DISPLACEMENT DATA FOR ACCELERATING SPRING 


instolled height 5-'hgin. Length of trovel 255 in 
Free height of spring i8-vein Weight of spring O69 Ibs 
Lood ot instalied height 220ibs Weight of moss 38! Ibs 
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spring 





for end A is the same as for (A) but the initial conditions are not 
the same. (C) Gun spring application is typical of prescribed 
motion problems. Stiff buffer spring absorbs energy of mass at 
end of compression stroke. Primary function of the soft recuper- 
ating spring is to return mass to original position, but it is 
stressed severely during compression at high velocity. 


CASE Ill: Free vibrations of mass- 
Spring system 

Here, the spring and mass form a 
closed system, with no external energy 
supply. The motion of end A is not 
given but is a result of the system it- 
self. Two important applications are 
the accelerating and buffer springs 
shown above in Fig. 4. Another is a 
system under continuous vibration for 
which both spring ends are fixed; one 
to the rear support and the other to a 
mass. Given an initial energy input, 
this system will vibrate continuously at 
its natural frequency, the spring oper- 
ating both in extension and compres- 
sion. 


CASE IV: Mass-spring system under 
exterior fori e 

A special problem is that of external 
force function, Q(t), given. This is 
realized in a vibrator consisting of two 
similar, unbalanced masses which are 
rotated in phase but in opposite direc- 
tions with the same circular frequency. 
The centrifugal forces introduce a re- 
sultant Q which varies sinusoidally: 


Q (t) = Q. sin (wt) 


In the general case, Q(t) is a function 
of time ż, displacement y, velocity v, 
acceleration a, etc., often in a compli- 
cated manner. 

Symbolically, 


oweOeGgs 446. .5:.. ) 
Some such problems can be simplified 
to a system of a spring alone under 
prescribed motion y(L,t). Of course, 
then the motion y(L,t) must be de- 
termined experimentally. 


CONTINUOUS CYCLING VERSUS SIN 
GLE CYCLE. At the instant a spring 
has completed a cycle, its coils usually 
have not yet reached their original 
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equilibrium positions. There is left a 
residual vibration, often called the 
residual stress wave, which will be 
dissipated at a rate depending upon 
the degree of damping. 

The time lag between a stroke and 
the next consecutive one can vary from 
zero to a considerable value. The 
designation single cycle will be used 
where the residual stress wave can be 
considered damped out at the moment 
of the beginning of the following 


For a given dynamic loading, it is 
desirable to develop a theory that will 
predict the status of the spring at any 
point for any time. The force-deflec- 
tion characteristics, P/F), at end A are 
of special importance to the perform- 
ance of the spring. On the other hand, 
the dynamic stress range is of the ut- 
most importance in determining life 
The final purpose is to use this knowl 
edge of spring behavior to determine 
the design for a given application. 

The first approaches made to th 
solution of this problem were based 
on the static formulas, assuming either 
a mass-less spring or a uniform load 

The latter is the better approxima- 
tion since the mass of each increment 


The assumptions of this theory arc 
that damping of the coil motion is 
zero and that all coils are active; dead 
ends are neglected. This is closely 
approximated by springs with plain 
ends, not ground. Also, clashing of 
coils is not considered, that is, the 
analysis is limited to applications for 
which the maximum stress produced 
does not exceed the solid stress of the 
spring. 

According to D’Alembert’s Princi 
ple, at any time ¢, the elastic and the 
inertia forces must be in equilibrium 
for each element. Thus displac ment 
functions y(x,/) must satisfy a certain 
relation that will be established 
From Eq (10), the load at the point 


(x -+ A x) in terms of the Taylor 
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Elastic Wave Theory 


cycle. When the residual stresss wave 
contributes to the resultant stress wave 
during the following cycles it will be 
designated as continuous cycling. Peri- 
odic cycling is a special but common 
case of continuous cycling. Single 
cycle loading versus continuous cycling 
may also be considered as shock load- 
ing versus vibration. 

The well-known phenomenon of 
resonance is of the utmost importance. 
During resonance, the residual surge 


Scope and Method of A pproach 





waves add to each other and tend 
build up infinite stresses. This te: 
dency is diminished by damping. 
DAMPING. With a spring under d 
namic loading, there is a continuo 
loss of kinetic and potential energ 
due to inherent damping, clashing b 
tween coils, and friction betwe 
spring and guide. The description «< 
damping is limited to qualitative stat 
ments only. This analysis assumes th 
damping is always zero. 





of the spring is considered. However, 
load P, deflection per coil f, and stress 
S are assumed to be uniform for the 
entire length at all times. This is 
equivalent to assuming that any dis- 
turbance at the spring ends is propa- 
gated through the spring with an infi- 
nite velocity. With this assumption, 
the effective spring mass of acceler- 
ating or moves with the attached mass 
M is m/3 where m is total spring mass. 
Actually, this assumption is not correct 
since it prescribes the spring behavior 
instead of deriving it from the given 
operating conditions. Therefore, the 
results are approximations only. How 


ever, the difference between uniform 
load results and the true values de- 


Series, neglecting higher order terms 
becomes 


P(x+Az,t) P(z,t) + 


oP(z,t) a 
( — ) (Az (17 


The difference in load between th 
ends of a wire element of length A x 
is obtained by subtracting Eq (10) 
from Eq (17) and substituting the 
partial derivative of Eq (10) with 
respect to x: 


sratten (%)(%) cw) as 


lhis elastic foro A P accelerat 
wire element Ax in the direction of th 


y-axis. The inertia force is 


AP’ = —” (A) (Az (>) (19) 
g di 
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creases with increasing values of mas 
ratio M/m. For ratios M/m > 2 
the accuracy is sufficient for all pra 
tical work. 

For a rigorous analysis, it is nece 
sary to consider the equilibrium b 
tween elastic and inertia forces at each 
point and at any time. An elastic wav: 
theory of compression springs natu 
rally follows from the differential equa 
tions which represent the spring mo 
tion. The constant velocity of wav 
propagation is the property that is most 
characteristic of this theory. Its scop 
permits an accurate treatment of the 
two critical problems: (1) spring mass 
is comparable to the attached mass 
(2) the spring is vibrating alone 





where: 


y = Density, lbs/in? 
g = Acceleration of gravity, in/sec* 
A = Area of cross-section of wire, in.? 


In addition, A x gets an angular ac 


i do 
celeration with respect to the 
dt 


wire axis. A twisting of A x through 
the angle A œ produces a deflection 
\ y in the direction of the spring axis 
(see Fig. 5): 


D 
Ay z (Ad 20 
Thus, the angular acceleration i 
Oe 2 Oy | 
of D ol bs 


The resistance of A x to this rotatior 


produces an inertia torque that con 
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tributes a secondary inertia force P” 
in the direction of the y-axis. Since 
torque is the product of moment of 
inertia and angular acceleration, 


wn fY dh i 
AF 2 -( 3 \asas( sA ) (22) 


where I, denotes the polar moment of 
inertia of the wire, in.* 
From Eqs (21) and (22), 


sr- (he) 


The total inertia forces of A x, in the 
direction of the spring axis, then be- 
comes 


» B. Y 4l, dy 
AP'+AF -ae(2-)(a4 oF )( 3) 


(24) 

According to D’Alembert’s Princi- 
ple, the inertia force of Eq (24) is 
equal to the resultant exterior acceler- 
ating force, that is, the elastic force 


There are an infinite number of 
y-functions y(x,t) satisfying Eq (27). 
However, for a particular case of load- 
ing characterized by its initial and 
boundary conditions, there is only one 
solution (x,t). Mathematically, this 
solution can often be composed from 
elementary solutions of Eq (27), just 
as many functions can be developed 
into a Taylor or Fourier series. Ac- 
cordingly, the general elastic wave 
theory assumes a different aspect, de- 
pending on the viewpoint. In practice, 
two theories are especially impor- 
tant, the harmonic wave theory and the 
surge wave theory. 


HARMONIC Wave THEORY. With a 
simple harmonic wave, the y-distribu- 
tion y(x) as well as the y-variation 
y(t) are sinusoidal functions, with a 
definite circular frequency œ. Such a 
wave has the characteristics of a stand- 
ing wave with stationary points 
(nodes) and points of maximum vi- 
bration. For a spring with one end 


y = Aı sin ( = z) sin (wt) (28) 


Obviously Eq (28) satisfies Eq (27) 
By superposition of higher modes of 


free: 


harmonic y-functions of circular fre- 
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Basic Types 





\ P given by Eq (18). Therefore: 


Oy a Rpy L g dy (25) 
de N y(A+4Ip/ D?) J\ dr? = 


When introducing the constant: 
Gi Rp; Dem. 

N y(A-+41,/D) 
the differential equation is simplified 
as follows: 


(26) 


c 


4. =¢ ca} (27) 
The latter is a special case of the well- 
known wave equation of theoretical 
physics, called the Simple Wave Equa- 
tion, describing the propagation of 
waves in a linear elastic medium. 
Constant ¢ is the velocity of propa- 
gation of waves along the wire axis 
(x axis) in in./sec and will be called 
surge velocity. An expression identi- 
cal to Eq (27) can also be derived con- 
sidering the spring as a straight bar of 
the same height, same load-deflection 


of Solutions 





quency 2w, 3w, etc., a general periodic 
wave is obtained, where the displace- 
ment y changes periodically with fre- 
quency @ for each point of the spring. 


œ 
y = X A, sin (2 z) sin (nwt) 
n=1 


Harmonic wave functions are espe- 
cially suitable for studying the final or 
“steady state” phase of periodic dy- 
namic loading where the residual 
waves make contributions; but this is 
not the case in single cycle loading. 

A classical problem which has been 
solved with the harmonic wave theory 
is the analysis of the vibrations and 
resonance phenomena of engine valve 
springs. A harmonic analysis of the 
periodic motion y(t) of the valve 
head, i.e., the boundary conditions for 
the valve spring, showed that the 
higher harmonics produced high 
stresses and consequently shortened 
spring life. The theory also indicated 
a favorable design of the valve cam 
whereby subsequent motion y(ż) re 
duced the amplitudes and the result- 
ant stresses of these higher harmonics. 


SURGE Wave THEORY. The motion 
y(L,t) of one spring end generates 











Spring oris Y | 





Fig. 5—Deformation of a wire increment 
Ax of a helical spring under compression. 


rate and same mass as the given com- 
pression spring. This confirms the 
result of the general derivation, and 
also shows that, in the first approxima- 
tion, the propagation of torsional stress 
waves in compression springs is anal- 
ogous to that of longitudinal com- 
pression waves in straight bars. 





a wave that is propagated along th 
wire axis with a constant surge ve- 
locity. Special laws will be established 
for the reflection of this wave at the 
spring ends and its superposition to 
other waves. The y-function consists 
of a finite number of single func- 
tions corresponding in number and 
shape to the superposed single 
waves. This theory is well adapted to 
describing the initial phase of dynamic 
loading, particularly single cycle load- 
ing with a long time lag between 
strokes. 

Since each case of loading is charac 
terized by its initial and boundary con 
ditions, it becomes necessary to treat 
the cases separately. The Harmonic 
Wave Theory cannot be applied to 
single cycle loading because the com 
bined periodic wave satisfying the 
given initial and boundary conditions 
usually consists of an infinite number 
of simple harmonic waves. The re- 
sulting mathematics are too involved 
for any practical treatment. 

The properties of the Surge Wave 
Theory give rise to a more direct 
mathematical description of dynamic 
loading. Part II will establish for the 
first time the complete Surge Wave 
Theory and demonstrate its applica- 
tion with several typical examples. 
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dustrial Use 


Nine different kinds of instrument; 


TABLE I— 


INSTRUMENT 





Stereoscopic Microscope. 


Brinnel Microscope. 


3. Metallographic Equipment 


4. Contour Projectors 


5. Spectrographs 







6. Refractometer ... . 
Abbe Refractometer.. . 


Dipping Refractometer 


Hand Refractometer 

















7. Polarimeters.. . 












Toolmaker’s 8. Colorimeter 
Microscope. 





9. Opacimeter... 





WITH A WIDE RANGE OF ADAPTABILITY, scientific optical 
instruments appear in industry at almost every phase of 
production—equally useful in a direct manufacturing proc- 
ess, quality control, or research. 

Optical instruments depend, for functioning, upon certain 
known and constant phenomena of light: reflection, refrac- 
tion, interference or diffraction. In industrial tools, refrac 
tion is the most common, being applied in such tasks as 
inspection, measuring, and quantitative and qualitative 
analysis. Here are brief descriptions of nine kinds of 
widely used instruments and what they will do. 


DR. HOWARD S. COLEMAN 


Director, Scientific Bureau 






Bausch & Lomb Optical Company 
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Merits 


of Optical Instruments 


for industry—with emphasis on new developments and designs. 


APPLICATION OF OPTICAL INSTRUMENTS 





UNIQUE CHARACTERISTIC 


Single lens system to increase objects’ dimensions. 
Double lens system. 

Three dimensional, magnified unreversed image. 
Microscope with accurate measuring stage motions. 
Built-in scale engraved on field lens. 


Uses reflected light—forming image by varying degrees of 
reflectivity rather than transmission. 
Erect accurate profile image, not inverted. 


Breaks light up into spectra characteristic of source. 


Gives index of light by bending of light. 

Reading accuracy—two units in the fourth decimal place. 
+ in the fourth decimal place. 

Reading accuracy—3.5 units in the fifth decimal place. 


Portable instrument. 
Measures angle of rotation of polarization. 
Measures degree and intensity of color. 


Reading opacity by backing test object with perfectly 
white diffuse body. 


APPLICATION 


Magnification 2X to 20X. 


Magnification in excess of 20X. 

Assembly of small parts. 

Inspecting small tcols and parts. 

To measure impression made by Brinnel hardness testing 
machine. 


To study crystalline structure of metals. 
Rapid inspection or comparison of contour forming tools, 
gear teeth, screw threads, dies, etc. 


Qualitative and quantitative chemical analysis of any 
material. 


Measure refractive index of transparent materials. 


General purpose instrument for use when index ranges 
from 1.30 to 1.71. 

Precision instrument for use when index ranges from 1.32 
to 1.54. 

Spot checking and rapid quality control. 


Measuring percent sugar in solutions. 


Used to analyze fats and oils, in food processing control 


and metallurgical analysis. 


To measure the opacity of printing papers, cigarette paper, 
fabrics, facing cloth; check uniformity of typewriter 
ribbon and carbon paper. 





MAGNIFIERS. The most obvious adaptation of Optics 
to industry is for magnification, increasing an object's 
apparent dimensions so that its physical nature may be 
studied in greater detail. Magnifiers ate the most widely 
used instruments; there are 65 different kinds ranging from 
2X to 20X magnifications 
Four factors influence the selection of the proper instru 
ment for a particular function: (1) degree of magnifica 
tion, (2) working distance, (3) field of view, and (4) 


depth of field. 


The consideration by which they are interrelated: the 
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higher the power——the shorter the working distance, the 
smaller the field of view, the more critical the focus, and 
the smaller the lens. 

Degree of magnification can be calculated from the 
formula: 

10 

where f is the focal length and X is the power of magnifica- 
tion. In magnifiers, the lens’ focal length is about the same 
as the working distance—that dimension at which the 
magnifier is placed from the work. Field of view is the 
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——-—— Working distonce 5” 


ļ 


MAGNIFIER RULES... f~% 
(A) The higher the power the shorter 
the working distances. 


(B) The higher the power the, more 
critical the focus. 


~ Working distonce 


2X lens 


10X lens — 


D+ depth of field 


MAGNIFIER SELECTOR CHART 


LENS SIZE 





TX 
“ISX 
16X 
18X 
20X 


X indicates standard lenses available 


area of the object seen through the lens at one view. Depth 
of field is the distance that is in focus. 

Here are some typical examples of how these factors 
affect the selection of a magnifier. 

1. If a precision part must be examined while it is 
still positioned on a machine tool, and fixture design makes 
it impossible to bring the lens closer than three inches, the 
formula above shows that the magnifier must have a magni- 
fication of less than 3.3 X. The probable selection would 
be a 2.5 X magnifier to improve working distance, increase 
field of view and the depth of field. 


% 


2. If it is necessary to examine the surface of a large 
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casting for imperfections, a magnifier of low power is 
used because it views a greater area at one time. A high 
power lens will increase inspection time, on a large part, 
10 to 20 times. Another advantage of the low powered 
magnifier is the increased depth of field. 


MICROSCOPES. Beyond 20X a simple magnifier is 
inadequate, so a microscope is used. Although’ the 
term microscope can be applied to any lens or combination 
of lenses that magnify an object, technically, the term means 
a compound microscope that uses two lens systems made 
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up of several components—usually an eyepiece and an 
objective of short focal length that produces an inverted 
virtual image many times magnified. 

Optical manufacturers supply many types of microscopes, 
some for very specialized uses. A few have, as their primary 
purpose, a function other than simple magnification, for, 
by inserting graduated scales into the optical system, almost 
any microscope can be converted into a measuring instru- 
ment. 

Some microscopes, such as the Stereomicroscope, the 
shop microscope and the wide field tube, are characterized 
by their wide field and use at long working distances. 

The Stereomicroscope provides a magnified image which 
is three dimensional and not inverted or reversed. Each 
eye has its own complete microscope. The paired objec- 
tives are mounted together at the approximate angle of 
binocular vision (10 deg.) dor a 10 in. object distance. 
The rays from the objective pass through Porro-erecting 
prisms, which correct the image so that it is not inverted. 
This is the same principle used in binocular field glasses. 

While the magnification range of the stereomicroscope 
is more limited than that of the monobjective type, its 
fields of view are larger and its normal images are more 
easily interpreted by the average user than those in devices 
that reverse or invert the image. 

As bench instruments, or when built into manufacturing 
or processing machinery, three dimensional instruments are 
used for assembling small parts like bearings, watches, 
instruments, etc. 


The toolmaker’s microscope is designed to measure 
linear and angular dimensions to a high degree of accuracy. 


Its prime function consists of inspecting small tools and 
parts. Its operation is simple, requiring little or no train- 
ing for shop personnel. 

The Brinell Microscope is used wherever metal hard- 
ness must be determined precisely. With it, you can measure 


pObject plane 


/mage of aperture Objective 
diaphragm ; 


(= s 


„Quarter wave 


piate 


the diameter of impressions made by the ball of a Brinell 
hardness testing machine, magnifying the results a full 
20 diameters. There is a built-in scale engraved on the 
field lens of the eyepiece, superimposing the reading on 
the sharply defined image of the impression. 


METALLOGRAPHIC EQUIPMENT. Another field 

that optical instruments have invaded extensively is 
metallurgical microscopy, in all three areas: (1) extractive 
metallurgy, (2) raw metals production, and (3) manu- 
facture of metal products. 

In research, metallographic microscopes serve the basic 
purpose of revealing crystalline structures and explaining 
observed phenomena. In the control of metallurgical 
processes they are used to compare production lots to 
specification standards and to explain discrepancies. 

The metallurgical microscope differs from the conven- 
tional biological type in that it utilizes only reflected light 
to form the image (see below). Since metallographic speci- 
mens are opaque, the image is formed by the varying 
degrees of reflectivity of light rather than by transmission 
and absorption. 

Comprehensive examination requires more than one 
type of illumination. Most equipment is adaptable to four 
types: bright field, dark field, polarized light and phase 
contrast. Proper choice depends on the sample. 


CONTOUR PROJECTORS. Where a high degree 

of accuracy is required, the contour measuring projec- 

tor is used for comparison and inspection of shapes and 
profiles as well as actual measuring. 

Its optical system consists of a light source that sends 

rays through a condenser system to produce a parallel 

light beam, which is projected upward by a mirror. The 


„Water cell 


Yellow filter 
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‘Condenser 
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Virtual image of source 


METALLOGRAPH using bright field illumination. Light from the source is transmitted to prism which reflects it into polarizer 
and objective lens. Light reflected by the specimen returns to polarizing prism and is reflected to eyepiece. 
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light beam passes through a glass plate in the table that 
supports the object, and projects the shadow of the object 
into the lens system. A roof prism then reflects the image 
horizontally to the two first surface mirrors which reflect 
the image back upon the screen. The resultant image is 
erect and not inverted. 

Another device, the recently designed Balcrometer Gage, 
measures thickness at any location on a work piece to an 
accuracy of ++0.0001 in. Close fifth place decimal estima- 
tions can be made for work heights or depth not more 
than three in. 

A measurement is set up after retracting the spindle 
above the anvil and then permitting it to return in counter- 
weighted action unit until it contacts the work. Final 
adjustment is made by turning a knob so the nearest 
division on the magnified illuminated vertical scale lies 
between two parallel lines on the horizontal scale. This 
turning movement sets the horizontal scale over at the 
same time to give a reading on it in connection with a 
reference line on the vertical scale. 

The vertical scale is graduated to three in. in 0.010 in. 
divisions, individually numbered. The horizontal scale 
is graduated in one-hundred 0.0001 in. divisions with every 
fifth line numbered. Normal pressure of the spindle is 
l-oz. and can be changed for a fraction of that pressure 
by increasing the weight of the counter-balance. The 
measuring anvil presents a work surface of 14 by 3% in 
The surface is ground, chromium plated and lapped to 
match an optical flat. If worn by continuous service, the 
anvil can be turned over or reversed endwise. 


SPECTROGRAPHIC. Spectrochemistry is a modern 

method of analyzing materials to detect the presence 
of chemical elements and to accurately determine the 
amount of those elements by the study of their spectra. 

In industrial chemistry, emission or line spectra ar 
employed. These are produced by vaporizing the prepared 
sample in an electric arc or spark. The spectrograph that 
records the line spectra consists essentially of: (1) source 
of excitation such as an arc or spark; (2) a precise slit; 
(3) collimating lens; (4) dispersing prism or grating; 
and (5) recording means such as film or photo-cell. 

Recent technological developments—automation and the 
trend to ultra high speed production—have increased the 
use of accurate analytical instruments and extended their 
use beyond the chemical industry. They are now being used 
to identify constituent elements or impurities in minut 
quantities as small as 0.0001 percent. 

To obtain such accuracy, scientists have produced an 
instrument, the Littrow-Echelle Spectrograph, that uses a 
newly developed optical element called an echelle. Con 
sisting of an optically flat glass plate in which step-like 
grooves have been formed to an accurate spacing of several 
hundred per inch, the echelle acts like a diffraction grat 
ing, dispersing light into its spectrum. But its dispersion 
is up to ten times greater than that produced by a grating 
instrument occupying the space, so that the new 
instrument can identify spectral lines that are separated by 
only 


sam 
fractions Of an angstrom 


Littrow unit has 
It has simplified 


The great dispersive power of the 


opened up new vistas for industrial use 


the analysis of rare earths, despite their complicated spectr. 
With it, the automotive industry is controlling the hardne, 
of alloys to precise ranges by accurately determining th 
percentage of alloying materials, such as boron and carbo: 
present. There appear to be uses for the new device i: 
the manufacture of transistors where germanium metal | 
kept at a high degree of purity. Another new applicatio: 
is spectrographic analysis of diesel engine oil to determin 
the optimum point for making an oil change by monitoring 
the quantity of some key element, such as silver, in oil 


REFRACTOMETER. Although research laboratories 

have been familiar with it for many years, only recently 
has the refractometer moved into the factory as a production 
quality control tool.. The dgvice—an accurate means of 
measuring the refractive index of a transparent material- 
is used when the refractive index characteristic of a mate- 
rial is critical in determining the end point or purity of 
the product. 

It consists of: (1) a refracting prism system; (2) a 
compensation system, consisting of Amici prisms, which 
permits the use of the unit with white light and the 
measurement of C to F dispersion; (3) a telescope with 
crosshair which permits the border line of total reflection 
to be observed and set precisely; (4) an index scale reading 
directly in index of refraction. 

There are several types of these units for specific func- 
tions. For instance, the Abbe Refractometer is used for 
general refractometric measurement of a wide variety of 
liquids and solids in scientific analysis and industrial process 
control, where the index ranges from 1.30 to 1.71, and 
reading accuracy of two units in the fourth decimal place 
is required. Transparent liquids and solids, as well as 
dark and opaque liquids and solids, can be tested using 
either transmitted or reflected light. 

The Dipping Refractometer is designed to read small 
ranges of refractive index with an exceptionally high degree 
of accuracy. By using interchangeable prisms of appro- 
priate ranges, sugar solutions and alcohols can be critically 
and easily tested, as can many other transparent liquids 


OPTICAL SYSTEM of the Littrow-Echelle Spectrograph. 
Echelle disperses light into spectrum, and each wave length 
appears at a different place on the plate. 
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Contour measuring projector compares shapes of 
precision parts with master template or provides 
enlarged view for high accuracy measurements. 


having refractive indices falling between 1.32 and 
Index accuracy is above 3.5 units in the fifth decimal. 

Especially adapted for testing solutions in bulk, the 
Dipping Refractometer is suitable for jobs from research 
analysis to industrial quality control. For determinations 
involving even greater accuracy, still another instrument 
is available, the Precision Refractometer 


1.54 


In addition, there are several types of Hand Refrac- 
tometers that permit spot checking and allow more rapid 
quality control within relatively narrow limits 


POLARIMETERS. One highly specialized optical 

instrument is the polarimeter, a device that measures 
the amount a solution rotates the plane of polarization of 
light. This information is particularly useful in the sugar 
industry, where the angle of rotation is a measure of the 
percent sugar in solution. A typical unit, the Saccharimeter, 
consists of: (1) polarizers; (2) scale; (3) analyzers; (4) 
quartz wedges. Between the polarizer and the analyzer, 
the sugar solution is placed in observation tubes, and the 
amount of rotation caused by it is read on the scale. 

One new modification of this instrument, the 
Aut 
element by substituting a photo multiplier, photo tube and 
amplifier for the eye 


Spreckles 
natic Recording Saccharimeter, eliminates the human 


The reading of the sugar solution is 
obtained by simply placing a card in a printing mechanism 


that automatically reproduces the data 
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Balcrometer Gage. 


COLORIMETER. Another device for making a quan- 
titative analysis of a compound is the colorimeter. 
Based on the principle of color development in a com- 
pound, the instrument measures the degree or intensity of 
a color to determine the amount of an unknown substance. 


The material being examined is combined with another 
compound that produces a characteristic color that has 
specific absorptions in the spectrum. Because of this, a 
filter, introduced into the light path, passes a monochro- 
matic beam of light matching the maximum absorption 
point for the color under test. A galvanometer shows the 
amount of absorption by the test sample, and the meter 
reading is indicative of the amount of unknown substance 

Industry-wise, the colorimeter is highly adaptable in food 
processing production control, in the analysis of oils and 
fats, and in metallurgical and pharmaceutical analysis. 


OPACIMETER. To determine the opacity of paper and 
cloth, industry uses the opacimeter. 


The instrument has a telescope system and projects light 
from a lamp source in a beam through an integrating cube 
and a small sample aperture. When a sample under test 
is placed over the aperture, the amount of light reflected 
back into the integrating cube is measured by a photo-cell 
and read on a meter as ratios of reading a black body 
backing as compared to a standard white body. Either 
opacity or contrast ratio can be determined. 
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PRESSURE 
TRANSDUCERS 












JERRY GREY 


The James Forrestal Research Center 
Princeton University 







Although the Bourdon-tube gage and manometer are the 


most prevalent of all pressure-measuring equipment, 
there is a growing trend toward the use of specialty 


measurements for which these simple devices are not 


capable of fully satisfactory performance. It is in the 


study of high temperature transients and other special- 


PRESSURE TRANSDUCERS are most ef 
fective when one or a combination of 
the following conditions exist: (1) 
Rapid changes in pressure, (2) pres- 
sures in corrosive, explosive or toxic 


fluids are measured, (3) recordings of 


pressure history are needed, (4) re- 


mote observations (or recordings) of 


pressure are desired, (5) pressure 
measuring apparatus is required to op 
erate automatic controls precisely, and 
(6) many observations (or record 
ings) are to be made continuously and 
simultaneously. 

Bourdon-tube gages can be used 
under all these conditions except the 
first, but not nearly so efficiently as 
transducers. The primary advantage 
of the latter lies in the fact that, since 
they can usually be mounted directly in 
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ties that the pressure transducer is becoming popular. 






contact with the source of pressure, all 
observations, recordings or manipula- 
tions of data are made electrically. The 
result is greater convenience than 
would be the case if signals were han- 
dled pneumatically or hydraulically. 
The rocket or jet engine test cell 
is a prime example of the value of the 
pressure transducer. In these studies, 
high transient pressures of both gases 
at extremely high temperatures and 
highly corrosive or explosive liquids 
must be measured. To insure person- 
nel safety, all readings must be taken 
remotely from the test cell, and, in the 
case of the rocket motor, test runs 
are of such brevity that continuous 
data recording is imperative. In mis- 
sile flight testing, telemetering equip 
ment requires electrical pressure sig- 





CHARACTERISTIC 





Frequency response, cps 


Nominal sensitivity, percent full scale 


Thermal stability 


Linearity, percent 


Response to vibration, noise, acceleratio: 
Drift, percent 


Hysteresis, percent 
Open-circuit full-scale output 


Overload, percent 
Ease of calibration 
Typical pressure sensing device 


Cooling 


Remarks and limitations 


Approx. cost (sensing element only) 





nals exclusively. Although this exam 
ple cites an extremely favorable case 
for the application of transducers, 
there are many other places in less 
spectacular industries where this ver- 
satile device is equally as effective. 
Pressure transducers, also called 
“pressure pickups,” are available in a 
multitude of designs based on several 
different principles of operation. The 
most common and reliable types use 
either a wire-type strain gage, an elec 
trical capacitance, or a piezoelectric 
crystal. Other types are sensitive to 
changes in magnetic inductance or re 
luctance. Pickups that utilize tuned 
magnetic circuits are also available, but 
these are generally not as accurate or 
reliable as the above mentioned. Ta 
ble I lists data on the major types 
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STRAIN GAGE 





Up to 40,000 





0.5 | 1.0 


Excellent for 
bridge winding | 
Less than 0.1 


Negligible for 
phragm and fully-rigid types | 
Negligible | 
| drift) 


Approx. 0.2 1.0 


Order of 50 millivolts 


Generally about 100; to 500 | Order of 100 


for special types 


Straightforward 








| Diaphragm 


Tube or diaphragm 


Some designs air or water|Some designs water-cooled | Generally none possible 


Table I—Comparison of Pressure Transducer Systems 


CAPACITANCE 


| 10,000-500,000 





| Approx. 1.0 


light-dia- Low, but noticeable 


11.0 (excluding 





| Order of five veiis 


Straightforward 


CRYSTAL 





| Up to 1,000,000 
0.5 


50 percent per deg F 


| 0.5 


temperature 


inegligible 





| Order of one millivolt 











| Crystal 


cooled (special types have | (special types have heat-trans- | 


heat-transfer rates to about|fer rates up 
| Bru /in.*/sec 


7.0 Btu/in.*/sec) 


to about 4.0 








No static calibration possible; 
| dynamic calibration tricky 









RELUCTANCE 






1,000 (approx) 


1.0 


compensated | Approx temperature drift; | Poor: temperature drift up to| Approx 0.02 percent per deg F 
0.025 percent per deg F 


Approx 1.0 


Appreciable; also highly sen- | Low, but noticeable; about 1.0 
| sitive to electrical “noise” 


| percent per 100 G 


| 2.0 


0.5 





Order of five volts 


Satisfactory for elastic limit of Order of 100 
crystal; poor for higher loads 





Straightforward 





Diaphragm or twisted torsion 
tube 


Generally none possible 


Good all-around instrument. | Excellent instrument except | Unique in ultra-high frequen- Maximum temperature 200 F. 
Expensive repair and replace- | for drift. Larger and more|cy range. Poor in range of Low frequency response 


ment of = on high-per- | complex than strain gage 


formance designs 


$100 to $700 





In the potentiometer transducer, 
pressure is converted to a mechanical 
motion by a Bourdon-tube type link- 
age, which changes the output of a 
variable resistance. This device is so 
similar to the ordine-y pressure gage 
that it will not be ¿considered here. 


STRAIN GAGE 
TRANSDUCERS 


Of all the pressure pickups in use 
today, those that operate on the strain 
gage principle are the most prevalent. 
This principle is simple: when a wire 
is stretched elastically, its electrical re- 
sistance varies as a function of the 


force causing it to stretch. By proper 


mounting of the wires and the use of a 
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other type transducers 


| Usually custom-made 





suitable bridge circuit, the output of a 
strain gage can be made to vary lin- 
earity with pressure. The undesir- 
able effect of temperature drift is 
compensated for by properly locating 
the active arms of the bridge. 

Since the publication of a special 
report on strain gage transducers in 
Product Engineering in November 
1952,{1) a device has been developed 
which appears to answer most of the 
unsolved problems of accurate high 
temperature pressure measurements 
This Li-Liu(® transducer is similar to 
the Li-Draper catenary diaphragm 
pickup in which the pressure being 
measured is transmitted to a cylindrical 
strain tube through an air-cooled ca- 
tenary diaphragm. The new design 
shown in Fig. 1 uses the same basic 





$150 to $400 





strain tube, as well as the catenary 
diaphragm principle, but incorporates 
additional features. Two opposed ca- 
tenary diaphragms separated by a rigid 
cylindrical member located at the dia- 
phragm inflection points serve as a 
water passage which supplies the cool- 
ing necessary at very high temperatures 
and heat transfer rates. The cylindrical 
member is notched so that a ring in the 
pickup body fits into the notch and acts 
as a safety stop for overload pressures. 
Temperature compensation is provided 
as in the Li-Draper pickup, and elec- 
trical “noise” prevented with non 
inductive windings and electrostatic 
shielding. Another feature is a pres- 
sure-tight chamber above the upper 
diaphragm. This chamber permits the 
use of an extremely sensitive strain 
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gage even at very high operating pres- 
sures. The back-pressure chamber can 
be pressurized to provide almost zero 
net loading across the diaphragms, 
which act as a single rigid body in 
conjunction with the stiff separator 
between them. Fig. 1 lists typical 
characteristics for this instrument. 


CAPACITANCE-TYPE 
TRANSDUCER 


As in the case of the strain-gage 
transducer, many different designs of 
capacitance pickup are commercially 
available. Their principle of operation 
is the same even though minor modifi- 
cations have been adopted by the sev 
eral manufacturers. Two parallel plates 
or diaphragms are used, one stationary, 
the other subject to test pressure. As 
the pressure the latter dia- 
phragm flexes, changing the distanc: 
between the two diaphragms and henc« 
their electrical capacitance. This chang: 
in capacitance is amplified and ob- 
served by several different methods. 

The advantages of this transducer 
design include small size, high-fre- 
quency response and high-temperature 
resistance, as well as good linearity 
and resolution. Major disadvantages 
are temperature drift, sensitivity to vi- 
bration and comparative complexity 
of associated electronic equipment. 

Typical pickups of this type are 
shown in Fig. 2. The invar diaphragm 
is grooved for coolant water passages 
which are necessary to keep the invar 
in its low thermal coefficient range and 
to prevent diaphragm burnout in high 
temperature applications. The fixed 
condenser plate is also constructed of 
invar and insulated from ground by 
a ceramic mounting. Since the capaci 
tance of the condenser formed by the 
diaphragm and fixed electrode varies 
as an inverse function of the distance 
between them, a low ratio of dia 
phragm movement to distance between 
the plates is necessary to obtain ap 
proximately linear response. The par- 
ticular model under discussion has a 
0.003-in. air gap and a maximum dia- 
phragm displacement of 0.0003 in 
The dielectric strength of the air gap 


varies, 


is increased by placing a 0.0015-in. 
mica separator between the plates 
This increases initial capacity (and 


hence sensitivity) and prevents short 
ing of the plates by foreign particles. 
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CHARACTERISTICS OF LI-LIU STRAIN GAGE TRANSDUCER 


Accuracy and linearity: Better than one percent of differential range 
(For a 1,000 psi pickup with a 200-psi differential range, accuracy is 


about 0.2 percent at 1,000 psi). 


Resolution: Less than } percent of differential range. 


Temperature limits (approx): —300 to 6,000 F (upper limit not 


reached to date). 


Max permissible heat transfer rate: Approximately 7.0 Btu/sq in./sec 
(upper limit not reacched to date). 


Natural frequency: 20,000 cps with coolant water flowing; 28,000 cps 


with coolant passages empty. 





Fig. 1—Strain-gage pres- 
sure transducers perfect- 
ed by Y. T. Li of MIT 
and F. F. Liu of Prince- 


ton’s Guggenheim Jet 
Propulsion Center. Water 
circulated between the 
two diaphragms facili- 
tates measurements at 
temperatures as high as 
6,000 F. Back-pressure 
chamber above upper dia- 
phragm facilitates use of 
high-sensitivity gages at 
higb pressures. 





To maintain reproducibility of results, 
parallelism of the plates is held to 
within 0.0001 inch. 

The highly rigid diaphragms, (e.g. 
ïs in. dia by 0.085 in. thick) used in 
this class of pickup have natural fre- 
quencies claimed to be in the range 
from 10,000 to more than 500,000 
cps, depending on specific diaphragm 
dimensions. In fact, the frequency re- 
sponse for many of these pickups is 
limited not by mechanical features, 
but rather by electronic components of 
the amplifying and recording systems. 

Once the pressure signal has been 
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converted by the transducer into a 
representative electrical capacitance, 
manipulations necessary to observe or 
record the variations in capacitance 
must be performed. Although several 
different schemes are commercially 
available, a simple FM system using a 
tuned resonant circuit gives the most 
satisfactory performance. This circuit 
is shown in its simplest form in Fig. 
3.(3) Capacitance Cg forms part of a 
tuned resonant circuit LCC, and a 
high-frequency oscillator circuit, in- 
cluding L,C,, is loosely coupled to the 
tuned circuit LəCəCa. The high-fre- 
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quency potential induced in the latter 
is passed through a rectifier or demod- 
ulator in which d-c output represents 
the instrument signal. Fig. 3 (A) is 
a plot for current response in the tuned 
circuit LoC,C, to variations in the 
capacitance C, + Cg at constant fre- 
quency. Peak output, A, occurs when 
the circuit is tuned to resonate at the 
oscillator frequency. Point B repre- 
sents the operating point of the tuned 
circuit, while C shows the result of a 
change in C caused by a pressure 
variation on the transducer diaphragm. 

A major flaw in this detection sys- 
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Fig. 2—Operation of capacitance-type transducer depends on 


change in distance between parallel plates that form a condenser. 
Interconnected passages at base control flow of cooling water. 
This keeps the invar pressure diaphragm at the base within its 


low thermal coefficient range and prevents burnout. 


Fig. 3—Simplified diagram of tuned resonant circuit 
used in capacitance-type transducer. Curve (A) shows 
response to constant frequency as function of circuit 
capacity. Point C on curve shows the effect of a change 
in C, (see circuit below) resulting from an alteration 
in the pressure on the diaphragm in the transducer. 


Fig.3 
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tem is the effect of the line capacitance 
C,. Since this quantity must of neces- 
sity be included in the tuned circuit, 
variations in line capacitance have th 
same effect on the detector circuit as 
changes in pressure. This situation has 
been corrected by breaking the tuned 
circuit LCC, into two tuned circuits 
close-coupled by link coils on either 
side of the instrument cable. Thus, 
changes in capacitance of the low-im 
pedance cable must feed into high im 
pedance tuned circuits in both direc 
tions, and hence results in a negligible 


effect on the circuit response. One of 


the tuned circuit coils and one of the 
link coils must then be built directly 
into the transducer, as shown in Fig 
3. See Reference +3 for details. 

As mentioned above, the d-c output 
of the rectifier represents the pressure 
signal of the instrument. This signal 
must be amplified in a manner de 
pendent on the recording device re 
quired. Commercially available d- 
amplifiers can be used for this purpose 
although each manufacturer 


transducers g 


pacıtance type 
supplies electronic equipn f i 
to his particular pickup and detector 


177 









--Tourmaline 
crystal, 


\ Neter 
\ insulation 



















Se NST 


NS 


LLAMA aM AARAeAAELELELELELeLetn eee 


\ 
Silver 
shields 


8 8 8 oe 


LLIK 


+ 


Fig. 4—Tourmaline crystals stacked in 
parallel enable design of small-size pie- 
zo-electric transducers that have high 
sensitivity and high frequency response. 

Underwater Beplosives Research Leb. 


Fig. 5—Three arrangements for vari- 
able-reluctance bridge transducers. Flat 
diaphragm in (A) enhances high-fre- 
quency-response. Rotating armature in 
(B) and (C) improves sensitivity. 
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PIEZOELECTRIC 
CRYSTAL TRANSDUCER 


The principle of operation for a 
piezoelectric transducer is based on the 
physical fact that, when certain crystals 
are elastically deformed along specific 
planes of stress, an electrical potential 
is produced in the crystal. The piezo- 
electric crystal thus becomes a “‘nat- 
ural” transducer because it converts a 
displacement, which is proportional to 
pressure in an elastic system, into an 
electrical signal. 

The major advantages of the crystal 
transducer are that the signal response 
to a pressure variation is linear—it 
follows the elastic stress-strain curve of 
the crystal, and frequency responses up 
to a million cycles per second or more 
are obtainable. Also, reproducibility 
of results is excellent under closely 
controlled temperature conditions. 

Several disadvantages prevent more 
general use of the crystal as a pressure 
gage. Itis highly sensitive to tempera 
ture, vibration, and exterior electrical 
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(C) Rotating armature, and double-output bridge having four active arms 


or magnetic “noise.” The signal is 
weak, and hence extremely high-gain 
amplifiers are required, bringing with 
them their own attendant problems. 
In addition, no consistency in d-c level 
can be had throughout a period of 
time. This is due partially to charge 
“leakage” and principally to the ex- 
treme temperature sensitivity of the 
crystal—a change in temperature of 
10 deg C in tourmaline is equivalent 
to a pressure change of 200 psi. This 
characteristic prevents establishment of 
adequate steady-state calibration curves. 

As shown in Table II, the schematic 
of one possible crystal transducer sys- 
tem is basically simple, although the 
construction of the high-gain ampli- 
fier is not nearly so straightforward. 
Another, more complex, system fea- 
tures an oscillator and tuned circuit 
in which output is varied by the crys- 
tal when subjected to pressure changes. 
In addition to tourmaline, quartz and 
barium titanate crystals are used as 
the transducers. In their design, it is 
necessary to determine the optimum 
crystal size sufficiently large to provide 


the necessary sensitivity, and yet small 
enough to retain adequately high fre- 
quency response. The crystal dimen- 
sion in the direction of the pressure 
load is particularly critical insofar as 
response is concerned and should be 
kept as small as possible. 

One solution to the problem of size 
is to stack several crystals in parallel, 
Fig. 4, in so doing achieving both high 
frequency response and high sensitiv- 
ity. The very low potential generated 
by the crystal requires that attention 
be given to electric and magnetic 
shielding and short cable lengths. 

Crystal transducers are not well 
suited to engine testing of any kind 
because of their high vibration and 
temperature sensitivity. They are 
widely used, however, in studies of ex- 
tremely high-speed phenomena such 
as explosions and blast waves, and find 
their best application in shock tubes, 
supersonic wind tunnels, and seismo- 
graph equipment(®). Here their ex- 
tremely high transient response permits 
accurate detection and delineation of 
events of microsecond duration. 
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ment includes a carrier oscillator power 
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Table I—Chemical Compositions, Percent* 





OFHC 





Com’! | Low 


Copper Bronze | Erass 





Cartridge 
Brass 






















Fig. 1—Compression test die set. Compression was 
accomplished between tungsten carbide platens. 
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99.92 89.39 80.16 | 70.04 
Pb <0.003 (nd)} (nd) (nd) 0.01 
Fe <0.003 0.01 0.01 0.01 
Zni 10.60 19.83 | 29.93 
Ni <0.005 0.01 
Mn <0.003 (nd) <0.001 
Ag <0.002 <0.02 (nd) 
Sn <0.002 (nd) <0 01 
Bi <0.0005 <0.0005 (nd) 
Al <0.005 (nd) <0.01 
P <0.005 
Sb <0.005 (nd) 
i Si <0.01 
i a en Laboratories analyses, spectrographic and 


| By difference, in chemical analysis. 
nd: None detected, 


A New Look At... Deformation 1n 
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Fig. 2—Compression extensom- 
eter with interchangeable jaws 
for both 0.505-in. (right) and 
0.375-in. (left) specimens. The 
modified wider angle extensom- 
eter permits obtaining of a 
greater range of strain for 
smaller sizes tested. 


DESPITE VARIOUS INVESTIGATIONS into and (2) cause of initial deformation. 


A. M. HALSTEAD, Metallurgist the stress-strain characteristics of cop- The revealing of new compressive 
J. M. McCAUGHEY, Physicist per and alpha brasses, there has been data for these materials by a method 
à È no actual clear-cut definition, until re- which permits continuous strain meas 

H. MARKI S, Director, 


oe een Eak cently, of two important aspects of urement indicates that previous test 


Pitman-Dunn Laboratories these materials’ performance under results may have been incomplete 
Frankford Arsenal* s ; J i 
compression. The aspects which have these more detailed data show that, in 
* The data presented in thie article are those required clarification include: (1) true copper and alpha brasses, the shape of 
f the authore and are not to be construed as i : 
parte Sie SaaS Uy eae Cues Sane a nature of the stress-strain relationship, the logarithmic stress-strain curves ts 
partment of the Army 5 





Table II—Processing Schedule* 


OFHC 
Copper 


Com’! 
Bronze 


Low 
Brass 


Extrusion 
Size, in. 
Rolled or 
Drawn to, in. 
Annealed 
Drawn to, in. 
Annealed, mm] 0.045 
Drawn to, in.| 0.750 


1.750 | 1.687 | 1.687 


1.187 


1.093 | 1.093 
Yee | —— 
0.906 
0.035 
0.750 


0.070 
0.750 


* Started with cast billet 8 in. diameter. 


Moterial copper ¢ aipna brasses / 


Toes 


Dia 0.505 
Height 2dia 
Lubricant dag 4: 


f 
f 
| 
—+— 
| 4 


Q20 Q30 040 
Noturol strain ( plostic) 


050 O60 070 


Table I1]—Final Annealing and Grain Size 


Car- 
tridge 
Brass 
Material 


OFHC Copper 


Com’! Bronze 


Low Brass 


| had 


— Cart. Brass 


De- 
signed | Schedule* 
Grain f- 

Size 
(mm) 


0.025 
0.045 
0.015 


0.025 
0.045 


0.015 


Annealing 


Temp Time 


Grain 
Size 
(mm) t 


(F) (hr.) 


660 


900 
1,100 
1,280 


0.015 
0.025 
0.045 
0.065 
0.110 
0.200 


800 
950 
1,125 
1,240 
1,325 
1,450 


900 


0.025 
0.045 
0.065 
0.110 
0.200 


* Equipment 


Hevi-Duty furnace. 
with control by automatic recorder and 
controller. 


1,000 


Electric 


0.015 
0.030—0.040 
0.015-0.020 
0.025-0.030 
0.035 and 
0.045-0.065 
0.005-0.010 
0.020-0.025 
0.035-0.040 
0.075-0.085 
0.090-0.100 
0.125-0 200 
0.015-0.020 
0.025 
0.040-0.045 
0.050-0.080 
0.140-0.220 
0.250-0.300 
and 

0.300-0.800 


resistance 


+ Determined by Pitman-Dunn Laboratories Inspection 


Fig. 3—Maximum axial plastic strain 
vs a/R for copper and alpha brasses. 


Copper and Alpha Brasses 


not linear but curvilinear, and that 
initial plastic deformation is a direct 
end result of a sharply defined initial 
yield point. Other supplementary data 
showed that 
varies inversely with grain size and 


true compressive Stress 
that increasing the zinc content of 
brass has the greater effect on stress in 


higher strain values. 
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CONTINUOUS STRAIN MEASUREMENT ...TEST PROCEDURES 


The materials investigated in these 
tests were high purity 
(OFHC) copper 
three alpha brasses of varying grait 
sizes: commercial bronze 90 percent; 
low brass 80 percent; and 
brass 70 percent. The 
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Compression procedures for these 
materials were essentially similar to 
those employed at Pitman-Dunn Lab- 
oratories in ferrous specimen test- 
ing. Stress-strain data were obtained 
by slow compression tests as sub- 
stantially constant strain rates, in a 
120,000 pound capacity hydraulic 
machine. Compression was accom- 
plished between tungsten-carbide plat- 
ens mounted on the die set, Fig. 1. 

Continuous strain measurement was 
afforded by a modified compression 
extensometer, developed originally to 
permit the continuous diameter meas- 
urement of ferrous specimens under 
load (see Product Engineering, April, 
1951).8 For use with the softer non- 
ferrous metals, the device ‘required 
modification since it gripped a speci- 
men too tightly, scratching the speci- 
men’s surface. In addition, it had to 
be of wider angle because of the larger 
strains encountered in non-ferrous 
metal testing. Equipped with inter- 
changeable jaws, the modifed ex- 
tensometer, Fig. 2, accommodates both 
0.505 in. and 0.375 in. diameter 
specimens, obtaining a greater range 
of strain for the smaller sizes. 

"Barreling,” an inhomogeneity of 
deformation, is always observed to 
some degree in testing copper and 
ıilpha brasses. “Barreling” in these 
test procedures was kept to a minimum 
by two factors: (1) reduction of fric- 
tion between the ends of the test 
specimen and the compressing sur- 
faces, and (2) determination of the 
correct height: diameter ratio. 

End friction was reduced by lubri- 
cating the carbide inserts of the dic 
set with a graphite-based dispersion 
lubricant,* selected after extensive 
tests with various end lubricants. How- 
ever, in applying this lubricant, care 
must be taken to avoid both over-and- 
under lubricant—occasionally during 
testing, the specimen tilted in the fix- 
ture, hindering testing because defor- 
mation ceased to be cylindrical about 


the axis. Investigation established 
that this tilting might have been 


caused by the lubricant being too ef- 
ective occasionally for use with speci- 
Actu- 
ally, a thin foil of lead reduced end 
friction best, but caused coining of the 
specimen’s ends. 


mens of the geometry selected. 


The height: diameter ratio selected 
2:1. For the 
four metals tested, the barreling index 


* Dag. 41, acolloidal 
cum naphtha, by Alpha € 


for the specimen was 


lispersion of graphite in petrol- 
lloids Corp 
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Fig. 4—Derived logarithmic stress-strain curves of OFHC copper in compression 
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Fig. 6—Logarithmic stress-strain curves of low brass in compression. These curves, 
as do the others exhibit a characteristic S-shape, upsetting an established theory. 


was at a minimum under all condi- 
tions of lubrication when this ratio was 
employed. All copper and alpha brass 
specimens tested were right circular 
cylinders 1.010 in. long by 0.505 in. 
diameter. Early testing with a cart- 
ridge brass specimen of this ratio re- 
vealed an occasional reverse or twin 
“barreling” effect when the specimen 
was subjected to low strains. The 
existence of this condition might have 
indicated that the initial height: di- 
ameter ratio was too great, as reported 
in the literature. But actually, this 
reversal disappeared when the speci- 
men was compressed to higher strains 
and had no appreciable effect on final 
results. 

To correct for the effects of barrel- 
ing, 


however reduced, 


an accepted 
factor was applied to the data. The 
corrected axial 


compressive stress 1S 
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obtained by multiplying the averag: 
axial stress by a correction factor of 
(1 + 4/4R); a equals the radius of 
the maximum cross section and R the 
radius of curvature on the side of the 
barreled specimen. This factor is 
limited and only applicable for values 
of a/R smaller than 0.2. A gage pre- 
viously employed for determining cur- 
vature of a barreled steel specimen 
served equally well in measuring the 
curvature of compressed copper and 
brass specimens. Individual curves of 
a/R vs strain, plotted for the data 
obtained for copper and alpha brasses, 
were identical within about two per 
cent. Fig. 3, an average curve for all 
materials, presents the maximum axial 
plastic strain vs a/R with dimensions 
and lubricant described. 

All curves presented have been cor- 
rected for the effects of “barreling” 
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Curve groin size (mm) and are average curves of two or more 
1 0.015— 0.020 specimens, unless otherwise noted. 
2 0.025— 0.030 They all report “true” stress, load di- 
3 0.035 vided by instantaneous area, and true 
4 0.045— 0.065 k or “natural” strain, natural log of the 

ratio of the instantaneous areas. 


CURVILINEAR 
STRESS-STRAIN RELATIONSHIP 


The data obtained in these investi- 
gations of copper and alpha brasses 
upset an established theory—that stress 
is an exponential function of strain. 
Noturol stroin (1072) (Plastic) Previous investigations of the tensile 
Fig. 5—Derived logarithmic stress-strain curves, commercial bronze compression properties of copper and brass picture 

their logarithmic curves as being linear 

within certain strains, validating the 

oo fufan a SLAE CA empirical relationship ¢ = Ke", where 

0015 — 0020 g = true stress, € = natural strain, 

60 ey and y = “work hardening exponent” 
40 9.080 080 with K some constant.. s Í i 

0280 0300 The compressive data obtained for 

30 0300-0 800 the four materials investigated have 

been plotted logarithmically in Figs 

4, 5, 6, and 7. (Logarithmic abscissas 

are natural plastic strains.) None of 

these derived curves exhibits any 

straight portion at any selected inter- 

val. Instead, each curve assumes a 

characteristic S-shape, indicating that 

Ol 02 0304 O6 O08! 2 3456810 20 30 4050 stress does not vary as a linear func- 

K -aiic tion of strain raised to a fractional 
aturo! stroin (IO¢€) (plastic) e s 
power over any range of strain. Re- 
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Fig. 7—Logarithmic stress-strain curves of cartridge brass in compression curves 1 cent tensile tests on pure aluminum 
through 5 indicate that type of initial yielding usually found in mild steel. s 7 
also confirm this new observation.’ 


Fig. 8—Plotted points represent data obtained during compression of one cartridge brass specimen. If enough strain 
readings are taken, as shown here, the characteristic S-curve will result, with no sharp discontinues. Also indicates 
initial yield point similar to that observed with mild steel. Sixty five readings were 


taken for this plot. 
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The key to this new view of stress 
strain characteristics of alpha and 
copper brasses lies in the degree to 
which the materials have been tested. 
The instrumentation employed in the 
investigations described here permitted 
strain readings to be obtained at any 
predetermined interval. This made it 
possible to take numerous strain read- 
ings during the compression test, as 
shown in Fig. 8, where plotted points 
represent data obtained during the 
compression of one specimen of cart- 
ridge brass. When plotted, the 65 or 
more readings taken during one test 
assume the characteristic S-curve, with 
no sharp discontinuities. If sufficient 
data are obtained during an actual 
test, the same results should apply— 
curvilinear as opposed to linear. 








CAUSE OF INITIAL 
PLASTIC DEFORMATION 


In addition to demonstrating the 
curvilinear nature of stress-strain 
curves in alpha and copper brasses, 
Figs. 7 and 8 also display an inter- 
esting abnormality in the initial stage 
of plastic deformation in these mate- 
rials. The phenomenon evidenced in 
curves 1 through 5 in Fig. 7, as well 
as Fig. 8, appears to be closely asso- 
ciated with the yielding or yield point 
usually found in mild steel, a com- 
parison which has been mentioned 
limitedly in the literature.5 This cause 
of formation of local inhomogenous 
flow in these non-ferrous materials is 
presented more graphically in Figs. 
9 and 10, which feature compressive 
data for cartridge brasses at low 
strains. Curves, 1, 2, and 3 in Fig. 
10, comparing extensometer values 
augmented by wire resistance strain 
gage valves, show the characteristic 
dip of an inital yield point. All data 
obtained at low strains for copper, 
low brass and cartridge brass indicate 

1. Decreasing the grain size appar- 
ently does not affect the elastic portion 
of the stress-strain curves, except for 
increasing the elastic limit; flow stress 
decreases with increasing grain size. 

2. Between the elastic limit and the 
horizontal or slowly rising portion of 
the stress-strain curve there exists a 
phenomenon analogous to the yield 
point exhibited by mild steel, and 

3. After plastic deformation has be 
gun, the curve either rises very slowly 
for a short interval of strain or con 
tinues horizontally. 
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Fig. 9—Compressive data for cartridge brass at small strains. Initial inhomog- 
eneous deformation is clearly evident, caused by a definite yield point. 


Fig. 10—Comparison of compressive data obtained for cartridge brass from 
extensometer and direct application of SR-4 gages. Note characteristic “dip” 
of initial yield point, similar to that yielding usually found in mild steel. 


Grain size (mm) 
0015-0020 





0002 0003 0004 0005 0006 0007 0008 0009 OQI 


Noturol stroin (totol) 





Fig. 11—Compressive data for OFHC copper. Compressive stress varies in- 
versely with grain size, with stress decreasing as grain size increases. 


Fig. 12—Compressive data for OFHC copper and alpha brasses in decreasing 
grain sizes. Lowest stress values at highest strains are exhibited by OFHC 
copper, with a .015 mm grain size. Curves end opposite to starting order. 


Fig. 13—Effect of zinc content on stress of copper at various natural strains. 


EFFECTS OF GRAIN SIZE, 
ZINC CONTENT 


Although the compressive data ob- 
tained in this series of tests upset one 
theory, they substantiated another—as 
grain size decreases, more energy is 
required to cause deformation to take 
place.*: ® In copper and alpha brasses, 
true compressive stress varies inversely 
with grain size. Compressive data ob- 
tained for OFHC copper, Fig. 11, 
representative of all materials tested, 
show that true compressive stress de- 
creases as grain size increases. In these 
tests, compressive data for these ma- 
terials were also compared in relation 
to similar grain size. In the smaller 
grain sizes, .015-.045 mm, the curves 
approached each other in a range of 
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strain between .015 and .18. In the 
larger grain sizes, .045-.220 mm, the 
curves actually converged between 
these strains. Fig. 12 clearly illus- 
trates the importance of grain size as 
a determinant factor in the stress-strain 
relationship of these materials. Here 
the curves end in an order opposite 
that in which they started. Of the four 
materials selected in decreasing grain 
sizes, OFHC copper, .015 mm, ex- 
hibits the greatest stress value at 
strains of .02 to .04, but shows the 
lowest stress value at high strains. 

The effect of zinc content on stress 
at various strains is shown in Fig. 13 
Increasing the zinc content of brass 
has the greater effect on stress at 
higher strain values. 
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THE POSSIBILITIES for the use of 
welded steel tubing are great. Even 
without a complete realization of its 
advantages, manufacturers of heavy 
equipment have made extensive use of 
it. Yet, many of the products reveal 
that the manufacturers think of tubing 
primarily as torsional sections, to be 
used as lightweight axles, and the like. 
Fig. 1 illustrates how tubing, when 
used in aircraft is capable of support- 
ing heavy loads. 

Welded steel tubing is made in 
round, square, rectangular and special 
shapes, Fig. 2(A). Round welded 
tubing is progressively roll-formed 
from hot rolled pickled, or cold rolled 
steel strip, with the butting edges 
fused together by resistance welding, 
Fig. 2(B). Oval, square, rectangular 
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Welded Steel ‘Tubing 
in Heavy Equipment 


Designing with tubing consists mainly of thinking in terms of its advantage- 


ous properties. Even without a complete realization of its many possibilities, 


manufacturers have already made extensive use of it in the design of heavy 


equipment. Here are some hints on the design, applications, and manu- 


facturing techniques of equipment made from the many shapes of tubing. 


and other special shapes are made by 
re-rolling or cold drawing, deforming 
the round welded tube to the required 
contour, Fig. 2(C). 

The rolling process used to shape 
this tubing does not alter the thickness 
or gage dimension of the strip steel, 
therefore, it produces a round tube of 
exceptional ID and OD uniformity. 
Roll-formed round welded tubing is 
Both di- 
ameter and eccentricity variations sel- 
dom exceed 1 percent of the outside 
diameter of hot rolled welded tubing, 
and cold rolled tubing is held even 


also extremely concentric. 


closer. These qualities are maintained 
in all other shapes deformed from the 
round. 

The fusion of the butted joint which 
forms the seams of welded tubing does 
tube. However, sinc 
pressure is applied while the butted 
plastic from the heat of 
fusion, some of the metal is squeezed 
outward and This is 


not deform the 
edges are 
inward. 


some 
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called the weld “flash,” and is removed 
from the outside by cutting or rolling 
before it cools. This step is automatic, 
and is included in the cost of the 
welded tubing. The flash on the inside 


can | 


be removed in the same manner, 
but this is not standard practice. In- 
side flash removal increases the cost 
of the tubing about 10 percent. 

The original roll-forming of the 
welded tube leaves it slightly oversize. 
It is then sized by cold working in a 
succeeding series of rolls immediately 
after welding, and then cut to mill 
lengths by any of several methods. 
It can be cut to special lengths as re- 
quired for approximately another 10 
percent of its cost. 

In general, welded tubing is roll- 
formed from cold rolled steel when 
exacting size, finish or strength re 


When cost 


is a large factor, and size, finish, and 


quirements must be met 


strength are not so important, welded 
tubing formed from hot rolled strip 


steel is satisfactory. This makes up by 
far the largest majority of welded 
tubing production. 

Square and rectangular tubing di 
mensions are as accurately held in 
width, depth or wall thickness as the 
round tubes from which they are de- 
formed. The diagonal dimension is 
usually held to plus or minus 0.015 
inch. Convexity or concavity on the 
sides does not exceed 0.010 inch on 


sides up to 24 


inches. Squareness is 
held to plus or minus 0.006 times the 
and 
the twist will not usually exceed -t 
inch in 3 feet. The radius on the cor- 
ners is always slightly greater than 
the wall thickness, thus 
seems flattened. 


dimension of the longest side 


it always 


Welded tubing can be made from 
SAE 1010 to 1030 hot or cold rolled 
strip steel 
BWG 
Iron Wire Gage), when specifying 
wall thickness. All 


It is customary to order by 
(Birmingham or Stubs 


gage 
welded tubing 
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manufacturers fill orders in mill 
lengths varying from 4 to 24 feet, 
unless the lot is ordered cut to length. 

Both hot and cold rolled welded 
tubing, as-welded, have an ultimate 
strength of from 45,000 psi for } inch 
O. D. and smaller, and to 48,000 psi 
for over # inch O. D. in SAE 1010 
steel. SAE 1015 steel tubing runs 
from 48,000 psi to 50,000 psi, SAE 
1020 from 50,000 psi to 55,000 psi, 
SAE 1025 from 55,000 psi to 58,000 
psi, and SAE 1030 from 60,000 psi 
to 65,000 psi, depending upon the 
gage. The yield point of this tubing 
varies from 35,000 psi to 50,000 psi 
over the same size range, and the 
elongation in 2 inches runs from 10 
percent for the smaller sizes of light 
gage SAE 1030 steel to 30 percent 






Selection 


With welded tubing, as with other 
structural sections, selection should be 
based on the combination of section 
properties and material strengths, com- 
bined in the proper formula for deter- 
mining suitability. The steel used in 
this tubing has an ultimate strength of 
80,000 psi in tension, compression, or 
to resist bending, and 50,000 psi in 
torsion or shear. However, for design 
purposes, working stresses of 20,000 
psi in tension or compression, and 
12,500 psi in torsion or shear should 
be used. 

The only formula needed for deter- 
mining the strength of tubing to be 
used as tension or compression mem- 
bers is $ = F/A; Strength equals 
Force divided by Area. Of course, 
other stresses enter into most applica- 








for the larger sizes of SAE 1010 steel. 

Normalizing reduces these proper- 
ties by 5 percent to 10 percent, and 
drawing without a mandrel increases 
them by 10 percent to 15 percent. 
Drawing them over a mandrel in- 
creases the properties by 15 percent to 
20 percent. Hardness of this tubing 
varies from 30 to 60 Rockwell C scale 
for the as-welded tube, 30 to 50 for 
the normalized, 40 to 50 for the 
drawn, and 45 to 55 for the mandrel 
drawn. 

The section properties of hot and 
cold rolled welded tubing are the same, 
for all practical purposes. The prop- 
erty tables will reveal that tubing in 
general possesses very high section 
properties, particularly for absorbing 
torsional loads, but also for service as 


of Tubing 


tions of tubing used in either manner, 
such as direction of side loading, 
which might cause buckling. These 
must be considered separately and the 
material placed where it will serve best 
to counteract them. For instance, long 
columns-of tuhing must be as large 
in diameter as possible, yet not so thin 
walled as to induce collapse. 

Design or selection of welded tubes 
for the absorption of bending loads 
must be based on application of the 
proper beam formula, using 20,000 
psi as the material strength (plus nec- 
essary factors of safety for abusive 
loading), and the tabulated or calcu- 
lated moment of inertia value of the 
section. The bending moment, which 
is the force or weight times its dis- 
tance from the supported end of the 


Table I—Round and Square Tube Properties 


OD. Wall Area, sq. in. |Mom. of Inertia) Section Mod. Radius of Gyr. 
Size | Gage l RIE 
Round | Square Round Square Round Square Round | Square 
p. #13 0.095 0.2701 0.3439 0.0280 0.0475 0.0559 | 0.0949 0.3217 ' 0.3715 
116” #12 0.109 0.3439 0.6065 0.1159 0.1968 0.0949 0.2624 0.4933 0.5696 
g 11 0.120 0.7087 0.9023 0.3144 0.5338 0.3144 0.5338 0.6660 | 0.7691 
2!" #9 0.148 1.094 1.392 0.7591 | 1.289 0.6073 1.031 0.8332 0.9621 
3” 9 0.148 1.326 1.688 1.352 2.295 0.9013 1.536 1.010 | 1.166 


eT Cor" 
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columns, or as beams. Each of t! 
standard shapes has its own particul: 
merits. Selection of the proper sha; 
on the basis of these properties, an 
the values produced by specific se: 
tions, will give satisfactory results. 
All welded tubular shapes of equ. 
cross section ‘serve equally well as ter 
sion members. However, in compre 
sion loading, each has its own use 
For one-directional side loading, eith: 
in columns or beams, the rectangula: 
section excels, when placed with th 
long axis of the section in the directio: 
of loading. Square tubing is most 
efficient for two-directional loading 
For handling torsional loading prol 
lems, no shape excels that of the round 
tube. Other shapes can be developed 


to fit any peculiar circumstances 


beam, used in the proper formula, will 
set up the moment of inertia require- 
ment. Reference to welded tube prop- 
erty tables will indicate the sections 
meeting these requirements. It then 
remains only to select the section best 
suited to the application. 

The same thing holds true in tor- 
sional applications, except that the tor- 
sional moment must be calculated and 
used in the proper torque formula in 
order to obtain the radius of gyration 
value required to withstand the 
stresses. Use of the property tables 
will again indicate tube sections ade- 
quate for the task. Should it be found 
that no standard welded tube is avail- 
able which meets the specifications 
required, one may be designed. 

Comparison of property tables for 
round and square tubing will bring 
out the interesting fact that, O. D.’s 
being equal, with the same wall thick- 
ness, the square tubing will excel in 
all respects, except those of multi- 
directional torsion or long beam side 
loading. This is not necessarily true 
when cross sectional areas are equal 
Table I compares these properties. 
This is in keeping with the ability of 
a section to resist bending to increase 
as the square of the distance from its 
neutral axis to its extreme fibre. This 
factor is also responsible for the high 
moment of inertia values of rectangu- 
lar tubing, when the bending moment 
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of the section is on the short side. 

The rectangular welded tube is an 
excellent beam, and an excellent long 
column as well. In both applications, 
the loading must be along the long 
axis. In a beam, this prevents bending, 
while in a long column it prevents 
buckling. 

Summing up, the round tube is the 
most versatile, being useful for absorb- 
ing tension, compression, shear, tor- 
sion, or bending loads, with the em- 
phasis on torsion and multi-directional 
compression side loading. It is unex- 
celled for torsion loads combined with 


tension, compression or bending, and 
is a very effective beam for multi- 
directional bending. It is a more at- 
tractive structural shape and consumes 
less space than even other tubular 
sections. Round tube is also more per- 
fectly balanced than other tubular sec- 
tions, and is therefore useful for 
shafts, shaft housings, propeller tubes, 
and the like. Most welded tube manu- 
facturers produce a special line for 
propeller shaft use. 

The square tube is not so efficient a 
member as the round for absorbing 
torsional loads, but it can be used for 


Fabrication 


Each type of welded tubular shap< 
presents its own fabrication problems. 
Fig. 3 shows the results of different 
cut-off techniques. All types of tube 
can be cut off by hack saw, high speed 
circular saw, or abrasive wheel. Each 
leaves a burr both inside and outside 
the tube, which must be removed when 
it might interfere. All types can be 
cut off in a press, but this dents the 
tube on one side, inward, and produces 
a very unsatisfactory end. Round tub- 
ing can also be cut off on the lathe, 
and this is the most satisfactory 
method, although it leaves a slight 
burr both inside and outside. The out- 
side burr is removed with a chamfering 
tool as part of the cutting operation 
Round tube can also be cut off on a 
disk type pipe or tube cutter, which 
rolls the tube inward on the ends, 
forming an inside burr. This is a 
rough method. Saw cut-off is best for 
square or rectangular tubing. All angle 
cut-offs must be made with saw or 
press. 


All welded tubing can be bent, Fig. 
4, but only proper tools and equipment 
will produce satisfactory results. Bend- 
ing without proper equipment pro- 
duces flattened and wrinkled bends, 
with the tubing collapsed and weak- 
ened. Proper bending is done by rolls 
or dies on a radius equal to the bend 
radius at the center line of the tube. 
These rolls or dies must be made to a 
radius or shape slightly smaller than 
that of the tube and must contain it 
all around. This leaves the material of 
the tube with no place to go at the 
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Lathe cut Press cut 


Fig. 3—Fabrication 


this purpose. It is more valuable as 
a beam, especially where the loading 
is in two directions at right angles to 
each other. It is also a very efficient 
long column member for solving prob- 
lems involving two-directional side 
loading. Of course, it is as strong as 
its cross-section for tension or short 
column compression loading. 

The rectangular tube is most valu- 
able as a beam or a long column with 
one-directional side loading. It will 
handle tension, compression or shear 
loads to the limit of its cross section 
It is not useful for torsion. 


16 26 86 50 


So 


roblems are showt: by the results of the various 


cut-off techniques. All types of tube can be cut by hack saw, high speed 
circular saw, abrasive wheel, in a press, tube cutter, or a lathe. 


90° bend 45° bend 


80° bend 


Multiple bends 


Fig. 4—Bends and bend combinations. Bending tubing with the proper 
type of equipment will result in flattened wrinkled bends, with the 
tubing collapsed and weakened. Best accuracy results with a mandrel 
drawn through the tube as it is being bent. 
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Fig. 5—Some of the operations that can be performed on round tub- 
ing. Most of these operations can be performed on square tubing, and 


some on rectangular tube. 





point of bending and therefore con- 
trols the shape. For greatest accuracy, 
it is also necessary to draw a mandrel 
through the tube as it is being bent. 
Round tube can be bent quite success- 
fully without the mandrel, but square 
or rectangular tubing dimples, and 
collapses at both inner and outer walls 
along the bend. If the bend radius is 
greater than 10 times the outside tube 
dimension this will not be noticeable. 

Round welded tubing can be bent 
with proper tools and without a man- 
drel to an angle of 130 degrees with- 
out serious distortion or difficulty. 
These bends must also be held to a 
minimum radius determined by the 


2463r (D* ~ &) 


formula L= ro where L 


is the radius of the bend at the center- 
line of the tube, D is the O. D., d is 


the I. D., and g is the gage or thick- 
ness of the tube wall. Bending beyond 
130 degrees, or to a radius smaller 
than that produced by the above for- 
mula will result in distortion, inefh- 
cient production, and greater cost. 
All bends without a mandrel should 
be 14 x O. D. or more from the ends 
of the tube, in order to prevent dis- 
tortion of the end diameter. Bends 
without mandrel in the same plane 
should be 1 x O. D. apart, or if in 
different planes, 3 x O. D. apart. 
With a mandrel, bends can be made 
to radii of from 14 x O. D. and up, 
depending on the O. D. and wall 
thickness. Mandrel bends in the same 
plane must be separated by 14 x O. D. 
or more, or by 24 x O. D. if in differ- 
ent planes. The distance from a man- 
drel bend to the ends of the tube 


Fastening and Joining 


Joining welded tubing, to other 
structural members, or to other parts, 
presents many unique problems, for 
which well tried and proven solutions 
have been worked out. The simplest 
of these is the butted joint with the 
tubes joined end to end, Fig. 6(A). 
Here, as in all tubular joints, many 
methods of assembly may be used, but 
the best and most economical is arc 
welding. The ends of the tubes may be 
simply cut off square, they may be 
chamfered, or they may be flanged or 
flared. They are then butted and well 
centered, and a weld fillet is run all 
around. The cross section of the weld 
should equal the wall thickness of the 
tube. A back-up ring inside the tube 
will aid assembly and welding speed. 

In all welds, regardless of type, the 
aim should be to duplicate the cross 
section of the member being welded 
in the weld itself. The weld will 
then be as strong or stronger than the 
members. 

Joining tubes to tubes at any angle 
may be accomplished in many ways, 
Fig. 6(B). Where the joint is to be 
permanent, it should be arc welded 
The end of one tube may be cut to fit 
the contour of the other, and the weld 
placed all around. This is quite expen 
sive, due to the difficulty of cutting 
the tube end in this manner, and 
should be used only where the tubes 
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Ì 
Pigin butt 
weided 


Butt weld with 
bock up ring 


should be at least the O. D. plus 0. 
times the radius of the bend. 

The length of tubing required 
make any bend can be calculated | 


2rd 
L = 360° 

where r is the radius of bend, ai 
d the degree of bend. 

Round welded tubing can be t 
pered, swaged, form-tapered, form- 
swaged, flared, flanged, expande 
grooved inside or outside, beaded i 
side or outside, upset both inside and 
outside, flattened, threaded, chamfered 
inside or outside, drilled, expanded 
slotted, milled flat, bored, or reame 
Fig. 5. Most of these operations can 
be performed on square tubing, and 
some on rectangular. Almost all arc 
end preparations, concerned with join 
ing tube to tube, or structural members 


Chomfered end 
butt weld 


Florëd end 
butt weld 
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E 
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Swaged insert 
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Fig. 6—When joining tubing to tubing, the simplest joint is the butt 
weld, A, with arc welding considered the most economical. Joining tub- 
ing to tubing at any angle, B, is done in several ways, as shown. 
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Flatten bolt to angle 
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Fillet weld on angle Bolt end to channel Fillet weld through plote 
Fig. 7—Joining tubing to the flat surfaces of a plate or bar is simple 
and inexpensive. In all cases, the most important point is to duplicate 


the cross section of the tube in the weld. 
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ate of the same size, or where the 
angle of juncture is other than 90 
degrees. For 90 degree angle joints, 
where the end of a smaller tube is 
joining a larger one, it is less expensive 
to drill a hole in the larger one, 
through one side, and insert the 
smaller tube and weld all around. 
Both joints have the same strength. 

Where greater strength is required, 
a small hole may be drilled opposite 
the large hole in the larger tube, the 
end of the small tube swaged or 
tapered down to a small end and in- 
serted, and the welds placed through 
the small hole on one side, and all 
around the small tube on the other 
side. This is also very expensive, and 
where the situation permits, the whole 
in the large tube should be drilled 
through and the small tube inserted, to 
project through and be welded all 
around on both sides. This makes the 
strongest joint. 

Joining tubing to the flat surfaces 
of plate, bar, or structural members 
is simple and inexpensive, Fig. 7. All 
the joints discussed can be reinforced 
for greater rigidity. Fig. 8 shows treat- 
ments of this problem. 

Where equipment is to be bundled 
for shipment in disassembled fashion, 
to be reassembled by dealers, or in the 
field, temporary joints must be used. 
These must be as strong as permanent 
joints. Such joints are usually fas- 
tened with bolts, machine screws, or 
pinned, as shown at right in Figure 9. 


Round tube, weided 


Tube ond bor , welded 


Tube and channel, bolted 


Fig. 8—All the joints shown in Fig. 7 can be reinforced for greater 
rigidity. Sometimes it is required to brace with other tubular sections, 
but for the most part, gusseting, as shown above, will be sufficient. 


(B) Brocketed tube to tube 


Threaded tube through tube 


Brocketed tube to tube 


Fig. 9—Several temporary tube to plate, bar, or structural member joints 
that are used where equipment is shipped to be reassembled in the field. 
(A). Temporary joints of the type used for attaching tube to tube, (B). 


Application 


Welded steel can be used very hand- 
ily as a reservoir or pressure tank to 
hold oil or gas in equipment employ- 
ing hydraulic or air cylinders, while 
also serving as a frame member. Com- 
mon applications of this type are to 
be found in farm equipment or road 
construction machinery. Tubular frame 
members are also frequently filled 
with sand or noncorrosive liquid to 
add inexpensive weight. It also finds 
use as machine members like wheel 
hubs, wheel rims, bearing sleeves or 
housings, and wheel spokes, Fig. 10. 

Additional uses on heavy equip 
ment include such items as: the shaft 
for a lifting roll on a farm tractor, 
where the round tubing is used purely 
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for torsional purposes; a propeller 
shaft tube; a telescoping propeller 
tube, with a square shaft nesting inside 
a square tube as the driving members, 
and two nested sizes of thin-wall round 
welded tubing as the shield. Another 


well known application is the rear 
axle housing on a truck. Made of on: 
piece of round, welded steel tubing, 
the member must absorb both torsional 
and bending loads. The center section 
is pierced, deformed, and reshaped 
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Tubulor wheel hubs ond rims 
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Fig. 10—Several of the many machine members for which round welded 
tubing has found use. It nray also be used as a reservoir or pressure 
tank for oil or gas while also serving as a frame member. 
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Basic Types of Mechanical 


Sketches include both friction and positive types. Figs. 1-7 are classified as externall, 


controlled; Figs 8-12 are internally controlled. The latter are further divided into 


Planet 
co rrier 


; : | Top 
Un View 
= = 


1 JAW CLUTCH. Left sliding half is keyed to the 
e driving shaft while right half rotates freely. Control 
arm activates the sliding half to engage or disengage the 
drive. This clutch, though strong and simple, suffers from 
disadvantages of high shock during engagement, high inertia 
of the sliding half, and considerable axial motion required 
for engagement. 


2 SLIDING KEY CLUTCH. Driven shaft with a key- 
. way carries freely-rotating member which has radial 
slots along its hub; sliding key is spring loaded but is nor- 
mally restrained from engaging slots by the control cam. To 
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Driving 
member, 


engage the clutch, control cam is raised and key enters one 
of the slots. To disengage, cam is lowered into the path of 
the key; rotation of driven shaft forces key out of slot until 
step on control cam prevents further motion. 


3 PLANETARY TRANSMISSION CLUTCH. In disen- 
s gaged position shown, driving sun gear will merely 
cause the free-wheeling ring gear to idle counter-clockwise, 
while the driven member, the planet carrier, remains motion- 
less. If motion of the ring gear is blocked by the control 
arm, a positive clockwise deive is established to the driven 
planet carrier. 


Driven 
shoft— 


Q 


Fig.7 


Control orm- 


7 EXPANDING SHOE CLUTCH. In sketch above, 
. engagement is obtained by motion of control arm 
which operates linkages to force friction shoes radially 
outward into contact with inside surface of drum. 


SPRING AND BALL RADIAL DETENT CLUTCH. 

# This design will positively hold the driving gear and 

driven shaft in a given timing relationship until the torque 

becomes excessive. At this point the balls will be forced 

inward against their spring pressure and out of engagement 

with the holes in the hub, thus permitting the driving gear 
to continue rotating while the driven shaft is stationary. 


9 CAM AND ROLLER CLUTCH. This over-running 
a clutch is suited for higher speed free-wheeling than the 
pawl and ratchet types. The inner driving member has cam- 
ming surfaces at its outer rim and carries light springs that 
force rollers to wedge between these surfaces and the inner 
cylindrical face of the driven member. During driving, self 
energizing friction rather than the springs forces the roller 
to tightly wedge between the members and give essentially 
positive drive in a clockwise direction. The springs insure 
fast clutching action. If the driven member should attempt 
to run ahead of the driver, friction will force the rollers 
out of a tight wedging position and break the connection 
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Clutches 


MARVIN TAYLOR 


Mechanical Research & Development Department, 
Monroe Calculating Machine Company 


overload relief, over-riding, and centrifugal types. A second article in a subsequent 
issue will describe mechanical clutches for precise service in calculating machines. 


, \-Contro/ 
“—Driving ratchet aman 


Fig. 4 


PAWL AND RATCHET CLUTCH. (External Con- 
« trol). Ratchet is keyed to the driving shaft; pawl is 
carried by driven gear which rotates freely on the driving 
shaft. Raising the control member permits the spring to pull 
the pawl into engagement with the ratchet and drive the 
gear. Engagement continues until control member is lowered 
into the path of a camming surface on the pawl. The motion 
of the driven gear will then force the pawl out of engage- 
ment and bring the driven assembly to a solid stop against 
the control member. This clutch can be converted into an 
internally controlled type of unit by removing the external 
control arm shown at the upper right. 
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1 WRAPPED SPRING CLUTCH. Makes a simple and 
s inexpensive uni-directional clutch consisting of two 


rotating members connected by a coil spring which fits snugly 
over both hubs. In the driving direction the spring tightens 
about the hubs producing a self energizing friction grip; 


the opposite direction it unwinds and will slip. 


1 EXPANDING SHOE CENTRIFUGAL CLUTCH. 
® Similar in action to the unit shown in Fig. 7 with the 
eption that no external control is used. Two friction 
es, attached to the driving member, are held inward by 
rings until they reach the “clutch-in” speed, at which cen- 
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5 PLATE CLUTCH. Available in many variations, with 
s single and multiple plates, this unit transmits power 
through friction force developed between the faces of the 
left sliding half which is fitted with a feather key and the 
right half which is free to rotate on the shaft. Torque capacity 
depends upon the axial force exerted by the control member 
when it activates the sliding half. 


CONE CLUTCH. This type also requires axial move- 
e ment for engagement, but the axial force required is 


less than that required with plate clutches. Friction material 
is usually applied to only one of the mating surfaces. 


nember 


Driving 


A s att 3 Plates 
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trifugal force energizes the shoes outward into contact with 
the drum. As the driver rotates faster the pressure between 
the shoes and the drum increases thereby providing greater 
torque capacity. 


1 MERCURY GLAND CLUTCH. Contains two friction 

a plates and a mercury filled rubber gland, all keyed to 
the driving shaft. At rest, mercury fills a ring shaped cavity 
near the shaft; when revolved at sufficient speed, the mercury 
is forced outward by centrifugal force spreading the rubber 
gland axially and forcing the friction plates into driving 
contact with the faces of the driven housing. 
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THERE ARE TWO MAJOR SCHOOLS of thought concerning 
numbering systems, the basic difference between them being 
whether the numbers should or should not impart informa- 
tion in themselves. Serial systems consist only of numbers 
assigned consecutively as required—there is no relationship 
between a number and what it identifies. Mnemonic (mem- 
Ory-aiding) systems are, by definition, based on specific 
relationships that increase the efficiency of their use. In 
actual practice, there are innumerable combinations em- 
bodying features of both systems; the make-up of each 
depends upon the application. 


Serial System 


Completely meaningless numbering systems are purely 
numerical systems in which the numbers or their sequence 
are purposely kept from betraying any information about 
the document or item in question. This is justified as avoid- 
ing the tendency to make up non-existent numbers based 
on existing numbers. It is further claimed that it promotes 
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accuracy, since the user cannot possibly become familiar 
with thousands of six- or seven-digit numbers and must 
rely on an actual check rather than on his memory. Systems 
of this type are used by many large concerns. 

One of the primary advantages of the serial system is 
the ease with which numbers can be assigned. The log of 
number assignments grows only from one end and filing 
within the system is restricted to revisions. The fact that 
the drawing file expands from only one end is a great 
advantage when compared to the logical system which 
literally grows in all directions. This feature of the 
mnemonic system results in extensive interfiling and occa- 
sional refiling of much information as the file expands in 
the middle. 

The experience of large firms with serial systems indi- 
cates flexibility is needed when a system must be used by 
geographically or functionally separate units. It is a simple 
matter to assign blocks of numbers to the various divisions 
and achieve a standard operation. The logical system, 
being more susceptible to interpretation and variations in 
actual practice, cannot so easily be standardized throughout 
a widespread organization. If the company products fall 
into a relatively small number of categories, the serial 
system can be modified by the assignment of blocks of 
numbers to specific categories. As this procedure is con- 
tinued and expanded, the system becomes mnemonic and 
begins to involve filing and interpretation difficulties in- 
herent to the logical system. 

In serial systems, it is generally difficult to distinguish 
between the kinds of items to which the numbers pertain. 
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5. Can extent of coverage expand indefinitely as 


volume of business grows? 


6. Should numbers be usable for purposes not 


connected with documentation? 


A distinction can be made between drawing numbers, part 
numbers and specification numbers, for example, by allot- 
ting blocks of numbers to the various classes. This involves 
the adoption of a classifying system and at least partial 
use of a mnemonic device. 


If such distinctions are not 
made, it is usually necessary to maintain an extensive cross- 
reference of part numbers to drawing numbers, thereby 
introducing errors into the system. 

There are other advantages in a serial system, such as 
facility of use with automatic tabulating equipment. But 
to sum up the case for serial numbering systems: They 
are most advantageously used when filing ease is of major 
importance and when several more or less autonomous 
units must be covered by the same system. If a firm pro- 
duces products that, by their nature, are active for only a 
few years, the advantages are even more apparent 


The Logical Approach 


Another, and entirely different, group believes that the 
utmost advantage should be taken of features that permit 
the user to learn as much as possible from the number 
ilone. This group contends that the logical system can be 
nade to apply to all engineering documents, and points 
ut that in many cases, where a meaningless system is used 
n part, it has been abandoned in favor of a mnemonic 
ystem for common items such as hardware and raw ma- 
erials. 

The main argument for logical systems is simply that it 
s desirable to be able to look at a number and immedi- 
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ately identify it as pertaining to a drawing, part, raw 
material, manufacturing specification or other type of eigi- 
neering document. Such aids to the memory that can be 
built into the system return large dividends in facility of 
use and effectiveness of effort. 

A logical numbering system of this type has been in 
use by the Industrial Controller Division of the Square D 
Company for some thirty-five years. A few minor changes 
were necessary in the very early years, but no major revision 
has been necessary during the past quarter century. 

Drawings, specifications, and part numbers are the in- 
gredients of this system, which correlates all three categories 
accurately. There is no need for auxiliary cross-references 
because items are easily distinguishable. Another feature 
is the ease with which the system has been expanded over 
the years to incorporate additional kinds of information. 
It has alšo lent itself readily to the development of different 
systems (for raw materials, etc.) in similar form. 


Typical Mnemonic System 


The Industrial Controller Division’s numbering system 
consists essentially of a three- or four-digit prime number 
identifying the type of product or item. This is followed 
by a letter indicating the form or size of the document, 
and then one, two, or three digits that identify the specific 
drawing or subject involved. Individual parts on assembly 
drawings or lists are identified by an additional letter and 
one to three digits as described below. 

Engineering Drawings. When used for engineering 


195 








Table I—Drawing Sizes and Corresponding 
Letter Symbols 


Document 


Symbol | Size, in. 


Tracing (Part) 
Tracing (Assembly) 
Tracing 

Tracing 

Tracing 

Tracing 

Tracing 

Tracing 

Tracing | 
Tracing | 
Curves, Data | 
Material List | 
Manufacturing Spec] 


vez~Pamamranoax | 


drawings, the first digits (prime number) denote a par- 
ticular major item or class of common part, Fig. 1. The 
first letter designates both the sheet size of the drawing and 
whether the original drawing was made on tracing cloth 
or paper. The last set of digits is assigned serially as the 
drawings are made. Size designations by code letters are 
listed in Table I. 

It has not been necesasry to distinguish between cloth 
and paper in the larger sizes and thus AA and A are used 
for either. The distinction is required for smaller sizes to 
avoid the difficulties encountered when interfiling cloth 
and paper, i.e., B and E, C and F, D and L for cloth and 
paper, respectively. 

Both G and X drawings are the same size (5 x 8 in.) 
and are prepared only on paper. The X number is used 
for drawings that show only a single part, while G num- 
bers are for drawings of simple assemblies. This notation 
is also used in the adaptation of drawing numbers to part 
numbers and is considered one of the most useful features 
of the system. 

Part Numbers. A part number is derived from a draw- 
p . , . 
ing number by adding G or X to the drawing number and 
then the required serial digits. As in the 5 x 8 in. draw- 
ings, G applies to assemblies and X to individual parts. 
The X and G drawings show only a single part or simple 
assembly and carry the drawing number as the part number. 
On all larger drawings, it is important that parts and assem- 
blies, as well as drawings and parts, be distinguishable from 
each other. 

As an example of how the numbering system functions, 
assume that development work on a new product, Model Z, 
has been completed and production drawings are required. 
Prime number 4444 was taken out to cover this new 
product when it went into development. This number was 
recorded in a card file because new numbers are constantly 
being assigned within the system rather than serially, as 
in a purely numerical system. 

The 17 x 22 in. cloth tracings will be numbered 4444-B1, 
4444-B2, etc.; the 84 x 11 in. cloth tracings will be listed 
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4444-D1 and so on. Individual parts detailed on 5 x 8 
drawings will be numbered 4444-X1 and up, and sm || 
assembly drawings will be numbered 4444-G1 and ıp. 
For individual parts or assemblies appearing on the largor 
drawings, a part number is formed by adding appropriat: \y 
an X or G and the next unused serial number. Thus, 
individual parts not detailed on individual drawings that 
appear on 4444-D1 will bear part numbers 4444-D1-X 1, 
4444-D1-X2 and so on. If a sub-assembly, on 4444-C2 
requires a part number, it will be listed as 4444-C2-G1 in 
the record. 

This example illustrates how the system completely avoids 
the need for a cross reference of part numbers to drawing 
numbers. It also reduces detailing and results in greatly 
simplified maintenance, because only the prime numbcrs 
must be indexed and the majority of allied information is 
associated under a given number. 


There are a few other features of the system worthy of 
mention. All finished drawing sizes are multiples of 8} x 
11 in. letter size sheets and thus will fold for vertical 
filing of office and shop prints. While very common today, 
this practice was somewhat of an innovation when first 
adopted some thirty-five years ago. The separate designa- 
tion of cloth and paper tracings is also of value since it 
is impractical to file both kinds of tracings intermixed in 
the same drawer. And last, the useful life of tracings can 
be extended by cutting them somewhat oversize and using 
trim lines to show the actual print size. Tracing sheets 
usually measure from one to two inches larger on each 
dimension than the drawing sizes shown in Table I. 

Manufacturing Specifications. The system extends to 
other forms of engineering documents and permits a closer 
correlation of all engineering information. One of the 
most desirable extensions arises from the fact that industrial 
electrical control equipment is sold in an infinite variety of 
arrangements of standard devices and components. There 
is a continuing problem of setting up new devices that 
differ only in arrangement from other devices, yet must be 
positively identified. This problem is overcome through the 
use of manufacturing specifications that detail—without 
drawings—the makeup of specific arrangements. The 
prime number is the same as that assigned to the major 
item concerned and the letter $ is used to designate the 
specification. To return to the example above, Model Z can 
be supplied in a variety of enclosures to meet varying condi- 
tions of use and with a multitude of accessory arrangements 
to meet specialized requirements. These variations will be 
listed as manufacturing specifications 4444-51, 4444-52, etc. 


Material Lists. Certain specialized devices manufactured 
from common parts would have an assembly drawing that 
merely lists the components. For devices of this type, 
which do not require instructions as to sequence or method 
of assembly, M lists, keyed to the appropriate prime num- 
ber, are used. Thus, if a major assembly in Model Z is 
identified by part number 4444-B2-G12, and if a part of 
this assembly is modified slightly for a specialized purpose, 
the parts showing the change are listed on Material List 
4444-M1, and a notation is made to the effect that no 
drawing is involved. 

Performance Data. In some cases, it is necessary to 
asosciate data on performance with the devices concerned. 
This is accomplished by use of J drawings normally made 
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- on 8$ x 11 in. graph paper. The first performance curve 


prepared on Model Z would be drawing number 4444-J1. 
Here, too, cross-referencing is avoided. 


Preliminary Sketches. During the development of Model 
Z, many drawings and sketches were made. Though they 
were preliminary in nature and merely indicative of design 
trends, some of them are used for quotation and other 
purposes, and therefore require a number. To keep their 
identity separate from other drawings, they are assigned 
numbers in the K series. Thus, Original Idea No. 1 on 
Model Z is preserved under the 4444-K1 designation. 


Special Part Numbers. In connection with the use of 
part number suffixes X and G (added to drawing numbers 
to form part numbers), there are other classes of infor- 
mation that require special part number treatment. There 
may arise a class of product (such as magnet coils) where 
many basically similar, yet distinct, items are manufactured. 
Although it is desirable to distinguish among them, it is 
equally important to identify all according to their common 
characteristics. This problem has been solved by writing an 
S specification on the class and then assigning individual 
part-number suffixes, using letters other than X or G, i.e., 
all magnet coils of a given size and shape are covered by 
a single specification; variations in wire size and number 
of turns are indicated by special part-number suffixes. 


Returning to Model Z, there may be a series of com- 
ponents designed for use with this product and manufac- 
tured in multiples of two-inch lengths. A specification 
4444-S4 is written on the general construction of these 
components and the individual lengths identified as 4444- 
$4-L2, 4444-S4-L4 and so on. This system can, of course, 
be expanded as required. 

Revisions. The final feature of the regular part number- 
ing system is the method of designating revisions to all 
the above types of numbered documents. To afford maxi- 
mum flexibility, straight alphabetical suffixes were adopted. 
In the event that more than twenty-six revisions are made, 
a double letter system is used starting AA, AB, AC, and 
so on through revision 52; then BA, BB, BC, etc. More 
than 700 revisions can be used before a new drawing or 
specification number is required. 

It should be noted that only drawing and specification 
numbers are revised. The problem of using letters in three 
positions is thus avoided, i.e., there may be a part number 
4444-B2-G12, but revisions are made to the drawing as 
4444-B2-A or 4444-B2-B and not to the part number. 
The case involving the small X and G drawings for which 
part and drawing numbers coincide is a special one. In a 
sense, revision of these drawings constitutes a revision to 
the part number. But since the drawing or part number 
initially contains a letter in only one position, there is no 
added complication of the tabulating operation. 

General Information. One aspect of engineering data 
not adequately covered by this or any other drawing num- 
ber system is general engineering information that exists 
in one form or another. Classification of this information 
is handled by the Universal Decimal Classification, a version 
of the Dewey Decimal Classification modified for use by 

ommercial firms as well as libraries. A correlation of this 
general information exists in the reservation of the first 
ye hundred numbers in the drawing and part number 
system for the main divisions of the decimal classification. 
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These are used when it is essential to identify this type of 
information by drawing or specification number. Informa- 
tion on the Universal Decimal Classification, Fig. 2, is avail- 
able through the American Standards Association. 


Auxiliary Systems in Similar Form 


Along with the drawing and part numbering system just 
described, there is also the need for identifying raw mate- 
rials and purchased common parts not covered by local 
drawing or part numbers. 

Raw Materials. Designations for raw materials are basi- 
cally specifications, yet they cannot be assigned prime 
numbers from the drawing number series because the 
prime drawing numbers pertain primarily to devices. A 
system similar in form to the drawing number system was 
devised. This consists of a three-digit prime number fol- 
lowed by the letter R, and a number identifying specific 
characteristics, grades or dimensions. The prime numbers 
identify the basic material by the first two digits, and a 
particular class or type of that material by the last digit. 

Purchased Common Parts. The system established for 
common parts purchased from outside sources is basically a 
part number system. It was devised to resemble the draw- 
ing number system and consists of a four-digit prime 
number followed by the letter W and a number for a 
particular part. The first two digits of the prime number 
identify a class of part, such as round head screws, hex 
nuts, lock washers, solid rivets or electrical components; 
the last two digits refer to a particular type of that part 
such as round-head iron machine screw or round-Phillips- 
head iron machine screw. These are in turn broken down 
by suffix digits according to specific characteristics. 


Fig. 1—Sample number illustrates how a drawing number can 
be amended to form part number by adding X-number-suffix. 


Fig. 2—First three or more digits are frequently replaced by 
abbreviations in order that references will be more concise. 
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HIRAM K. BARTON 
Barton Die Casting Service 


SMALL DIE CASTINGS are commonly used as non- 
structural, non-mechanical parts. For example: 
insignia; trademarks; and decorative trim. One 
requirement that all such parts have in common 
is that they must be attached firmly with reason- 
able cost and effort. 

Many of the methods discaseed on the fol- 
lowing pages are functionally interchangeable; 
adopting one in preference to another may only 
be a matter of the degree of accessiblity. Where 
specific advantages for given applications do 
exist, these are pointed out. Furthermore, most 
of these techniques take advantage of some 
ticular feature of zinc alloy die castin: 
tility, thinness of section, ease of using integral 
inserts—but some are equally applicable to 
molded plastic components as well. 












1 Offset integral lugs, formed either on the out 
® side edge of the die casting or within an in- 
ternal recess, are so placed that no moving core is 
required. The screw hole can always be cored. The 
main requirement for effective use of offset lugs is 
that thickness of material be held to close tolerance 
(plus 0.000, minus 0.010 in.), for rigidity of 
attachment. Where thickness is likely to vary, 
cored hole in the lug can be tapped for a set-screw. 


4 Integral stud is used with speed-clip which 
e has bowed spring members to hold trim in 
place. With (A), stud must have shoulder (about 
0.010 in.) to locate the clip which is pushed over 
stud before assembly. In (B), a collar prevents clip 
from passing through hole. Clip is inserted first; 
the stud (on trim) is pushed into it. Curved seg- 
ments at rear of clip bite into the stud and prevent 
it from drawing out. Since the clip is pre-posi- 
tioned, its final position on the stud is not critical. 











oe } ih 2 mo 
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7 Extended speed clip with two punched holes 
a is attached by integral rivets to the underside 
of the trim and is forced over a stud projecting 
from the main part of the assembly. After being 
pushed over the stud, trim is given a quarter turn 
to tighten down the clip. This is advantageous 
only when the rear of the assembly is inaccessible, 
and service requirements are not severe. If the trim 
is circular, the stud can be threaded. 


Product Engineering — January, 1954 




















(A) (8) 


2 Small offset lug overhanging the bead 
e can be used for attaching trim to rolled 
edges. Lug can either be formed to drop over 
the edge of the bead and then pressed to 
retain it as in sketch (A), or it can be formed 
to hold the bead as illustrated in (B). The 
latter is only practicable when the trim piece 


can be slid into position from one end of the 
tolled edge. 


5 Hollow expandable studs, cast integral 
® with trim, engage holes punched in the 
sheet metal as shown. A bullet-nosed punch is 
forced through the die casting, expanding the 
cored hole to lock the trim in place. The initial 
clearance between stud and punched hole 
diameters should not be greater than 0.008 
inches. Applications are restricted to assem- 
blies where the cored holes in the trim are 
desirable; for example, louvres or grilles. 





PETTAN 






8 Integral stud and speed clip is widely used 
a in the automobile and appliance fields. 
This method permits quick manual assembly. 
Speed clips can be made, and are commercially 
available, in almost any shape to suit specific 
requirements and applications; the type illus- 
trated here is particularly useful when the 
rear of the assembly is accessible and clear 
of other components. 
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Flat integral lugs are applicable where the trim extends 

® beyond the edge of the part to which it is attached. It is 
not usually economical to core the holes in the lugs; they can 
be drilled or punched if the lug is 0.080 in. or less in thickness. 
These lugs can be used for attaching trim to wood or Masonite, 
fiber-reinforced or molded plastic, and sheet metal (with a 
bolt and nut) if part is formed to a box section as in small 
sketch. This method, like that illustrated in Fig. 1, is com- 
monly used for display stands and vending machines. 








(B) (C) 


4 Integral, riveted stud is one of the most widely applicable 
® fastening methods. When the thickness of the material 
is not less than the diameter of the stud, it can be peened 
as shown. If the material is thin, a washer, (C) and (D), 
is recommended, since short studs are severely stressed by 
heading. It is always advisable to specify a filleted channel 
around studs, to reduce stress concentration. Hard fiber 
washers can be used where vibration might cause chatter. 
Small pieces of trim held by a single stud need some means 
of preventing rotation like a stud or pin. 
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Tee shaped lugs for locating trim at the junction of two 

® structural elements of an assembly are cast on the under- 
side of the trim. These lugs are located between the two parts 
and, by twisting through 90 deg, are wedged as shown. Width 
of lug should be twice the thickness, and length of the por- 
tion subject to twisting at least four times the width. This 
method is only economical when the lugs can be formed in the 
parting-plane of the die casting die; in other cases, the method 
illustrated in Fig. 5 is preferred. (continued on next page) 
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23 Ways to Attach Small Die Cast Parts (continued ) 
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1 Rectangular lugs, projecting from the rear of 11 Trim strips covering joints of sheets at right 


® the trim, pass through a square punched hole in 
the casting and are peened in place. This gives a 
sturdy assembly and is preferred to riveted round 
studs that project from the surface and are susceptible 
to failure or damage by accidental impact or shear. 
For small pieces of trim, a single pair of lugs usually 
suffices; the square holes prevent rotation. 
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1 Round wire staples, cast as 

a inserts, will hold thin-sec- 
tion insignia securely to almost 
any sheet materials. Holes should 
be pre-punched. Staples are 
clinched against filleted anvils of 
conventional type. For trim of 
exceptionally thin section, points 
of staple protrusion should be 
strengthened, left, the pips so 
formed are forced into the sur- 
face of the sheet if it is deform- 
able. If not, dimples can be 
formed when holes are punched. 


1 5 Rubber grommet stretched 

a over button is a simple, 
but effective means on fastening 
small insignia located in recesses 
on the face of a sheet-metal hous- 
ing. The rear of the die casting 
has a head that projects through 
a punched hole in the sheet; 
thick rubber ring slips over this 
between the projecting head and 
the edge of the sheet. The as- 
sembly is permanent and vibra- 
tion proof and will keep insignia 
from rotating. 


reliable attachment. 





* angles, give support in addition to their dec- 
orative function. Inserted threaded studs, used with 
rigid steel clips and/or speed nuts, provide a simple, 
In both cases, the edge of the 
sheet must be turned-in to engage the clip. For filler 
trim, left, speed nut separate from clip is necessary; 
for bead trim, right, single clip is usually satisfactory. 
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1 Screwthread insert and 

a rubber nut can be used in- 
stead of speed nut for light duty. 
Standard machine screws can be 
used as inserts. These pass 
through punched holes in the 
main assembly, and are secured 
by forcing short lengths of ex- 
truded synthetic rubber sheath- 
ing over the ends. If the sheath 
is forced down until it doubles 
upon itself, as shown in the 
above sketch, the assembly will 
be vibration-resistant. 
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ht 12 Long trim strips can be fastened with headed 
b * studs which enter key-holes punched in the 
th sheet; after inserting, the whole strip is displaced 
. about 3/16 in. to lock the heads under the narrow por- 
Š tions of the holes. A screw can then be added to 
ie prevent any further movement of the trim element. 
r; The heads of the studs are skewed to give a wedg- 
y. ing action. 


















and 1 Die cast ring, which pro- 
= a tects electrical leads from 
uty. damage, is held in place with a 
be snap ring. Groove for ring can 
a be cast but a collet die will be 
the Š : ‘ 
oot required to avoid flash-lines on 
i. the exposed surfaces. Trimming 
ith- will also be necessary to make 
ath certain that the ring will seat 
yles securely throughout its length. 
the As a result, manufacturing costs 
vill may be prohibitive for many 
types of applications. should be protected. 
mma ea 
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18 a cored lug that projects 
a Flat spring loop engages 
from the back of the trim and 
passes between adjoining metal 
sheets or, as shown, through a 
punched rectangular hole. This 
method is primarily for applica- 
tions where the trim strips are 
located on each side of a remov- 
able panel, but with rear access. 
It is well adapted to vending ma- 
chines where front access is essen- 
tial for servicing, but the rear 


FAS ? T po. tie ty 
Bene SAM WES ig 

Sey POSS Mee 

a X oi 5 ARK A OL Kà 








1 Bifurcated rivets can be cast in die casting, and 

® in some applications are better than loose rivets 
for attaching small parts to fiber-board and similar 
materials, These fasteners are particularly suitable to 
heavy baggage items, display cases, and the like. 
Locks, hinges and protective ribs can also be attached 
in this way. For added security, a washer can be 
placed over each rivet before clinching. 
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1 Cover for rectangular, 
s sheet metal tube. Ends of 
tube are cut and notched as 
shown. Inside of cover has a pair 
of studs cast between two narrow 
curved ribs. When die casting is 
pushed over the end of the tube, 
the two notched lugs are forced 
to follow the curve of the ribs 
until they engage the two studs; 
both fittings are assembled simul- 
taneously. Method is suitable for 
medium and large size tubing. 
(continued on next page) 
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2 Simple cover suitable only to elastic materials, 

s such as steel or brass. Ends of the tube are 
cut, sheared, and turned inward at an angle of 10-12 
deg as shown. Die cast cover has a projecting lug of 
rectangular section; when cover is forced on, the lug 
passes between the turned-in tangs and presses them 
inward, resulting in a spring locking force. Method is 
applicable to small -ubes with as many as eight sides. 


22 Deformable lugs can be used to hold die cast- 
a ings that are to be mounted on a grille or part 
with cylindrical elements. Lugs are bent around the 
rod as shown. When two lugs are used, the shape 
of the recess between them should conform to that 
of the rods (if the latter, as is likely, are non-circular 
in section). If trim is large, attachment to vertical and 
horizontal rods should be made by separate pairs of 
lugs, but small insignia can be located at an inter- 


23 Ways to Attach Small Die Cast Parts (continued) 


21 Diecast trim is provided with rod inserts having 
s spherical ends. Rods engage spring clips of 
snap-button type located on the main assembiy. Clips 
consist of a spring wire loop with reverse bends held 
in a stamped retainer. Latter may have projecting 
lugs (A), or a plain hollow ring (B), that is held by 
lugs formed on the main assembly. Advantage of 
(B) is that trim is readily removed and replaced. 
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23 Integral studs and wedging speed clip pass 
® through punched holes in the bodywork. The 
speed clip, which is more curved than usual, has 
extended, fork-shaped end as shown in the auxiliary 
view, the slots being slightly tapered and, at their 
outer ends, wide enough to engage the two shorter 
studs on the trim. Clip can be pushed over the central 
stud with the forked ends partially engaging the outer 
studs. When the clip is engaged, as illustrated in (B), 
the ends are held rigidly. 
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| section by using forked lugs as shown in lower sketch. 
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TECHNICAL NEWS 


Electronic Photography 


Last MONTH, electronic specialists 
who delight in putting together vac- 
uum tubes and components to produce 
amazing devices and effects, showed off 
one of the most amazing electronic de- 
velopments of the decade. The latest 
stunner: sound motion pictures—in 
black and white or full color—recorded 
on magnetic tape instead of conven- 
tional film. The pictures, photographed 
electronically by a television camera, 
are ready for viewing an instant later. 

Developed by scientists at Radio 


REPROOUCIN' 
AMPLIFIER 


Corporation of America’s Princeton Re- 
search Laboratories, the new technique 
portends a complete revolution in mo- 
tion picture photography. Although 
commercial television spurred its evolu- 
tion, the implications of electronic 


photography go far beyond that one 
field. 


How It Works 


RCA’s method of video recording is 
similar, in many respects, to the tech- 
niques used to record speech and music 


EXPERIMENTAL VIDEO RECORDER is con- 
tained in these three racks: one holds a recording 
amplifier; the second, the tape transport mecha- 
nism; and the third a reproducing amplifier. 
The same heads (being pointed out by Dr. Harry 
F. Olson who led RCA research on this project) 


record and reproduce 
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with present magnetic tape equipment. 
Electrical signals are impressed through 
specially developed recording heads— 
small horseshoe electromagnets—onto 
the magnetically treated surface of a 
plastic tape. As the tape moves past 
the head, the magnet continually 
changes the polarity of magnetic oxide 
particles on the tape so that they be- 
come a compact code of the original 
signal. 

For playback, the signal-carrying 
tape is drawn across the same, or a 
similar head. The magnetic code on 
the tape causes an alternating current 
to flow in the windings around the re- 
producing head. The reproduced cur- 
rent closely duplicates the original sig- 
nal. 

But there the similarity between 
sound and video recording ends. The 
major difficulty with putting a picture 
signal on film is the wider frequency 
band of such a signal, ranging up to 
1,000,000 cycles per sec contrasted to 
audio signals that run between 20 and 
20,000 cycles per second. And, of 
course, a picture signal carries a lot 
more information. 

To record a black and white picture, 
RCA’s process uses two recording 
heads to put two different signals onto 
the tape—one is a sound record, the 
other carries a composite picture and 
synchronization signal. To photograph 
in color, the process records five dif- 
ferent channels: 1) red primary signal, 
2) green blue 


primary signal, 3) 


primary signal, 4) synchronizing signal 











RECORDING HEAD PUTS 
PICTURE AND SOUND 
SIGNALS ON ONE TAPE 
















SIGNALS FROM STUDIO 
OR MICROWAVE RELAY 
COAXIAL CABLE 


Oconee FILM Orn 
READY FOR PLAYBACK 





that controls the deflection of the elec- 
tron beam, and 5) the sound signal. 
Black and white pictures can be repro- 
duced on magnetic tape only } in. 
wide. Because it carries twice as much 
information, color recordings are made 
on $ in. wide tape. 

Another difference between audio 
and video recording is the speed at 
which the tape must move. In sound 
recording it’s a relatively slow 1.25 ft 
per sec; but for video work, the slowest 
speed that has produced distortion-free 
pictures, to date, is 30 ft per second. 

RCA scientists credit three different 
major developments for the success of 
electronic photography. Probably most 
important, is the special high frequency 
recording head that responds to fre- 
quencies 150 times above the cut-off 
point for a sound recording head. Then 
too, it was necessary to design special 
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MOVIE dao: 
PICKS UP IMAGE 
FROM KINESCOPE 
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MONITORING OF TAPE 


ea- 





-_REWOUND TAPE 
READY FOR PLAYBACK 


FILM METHOD 


NEGATIVE 
PROCESSED 


2 
m 


B 
= 3 


a 


es) —§ 


Y 








RECORDING 


DIAGRAM compares tape and film methods of photographing a television show. Big advantage of the electronic technique is the 
elimination of all chemical processing, and recording both sound and picture at the same time on the same medium. 


recording and reproducing amplifiers 
and equalizing circuits to handle the 
signal inputs and outputs. Such equip- 
ment had to compensate for the charac- 
teristics of the heads and the magnetic 
tape when recording the very wide 
bands of frequencies. 

However not all the developments 
were purely electronic. Scientists also 
had to devise precision apparatus to 
control accurately the speed of the tape 
at the recording and reproducing 
points. Even small variations in this 
speed and in the pressure that bears on 
the head create distortion and a notice- 
able effect on the picture. The answer 
is a unique combination of servo mo- 
tors, clutches and gearing, which makes 
speed control many times more accu- 
rate than such control for sound re- 
cording. And there have been im- 
provements in the tape to reduce noise. 





— b, 
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No Chemicals 


Probably the biggest advantage for 
the new filmless photography is the 
elimination of chemical processing 
with its cost and required time. The 
recording head puts picture and sound 
on one tape, which is ready for play- 
back as soon as its is rewound (ac- 
tually, it can be played back an in- 
stant after it is recorded). Conven- 
tional film, on the other hand, must go 
through a complicated series of pro- 
cesses: 1) a camera photographs the 
scene on film, 2) while at the same 
time, sound is recorded on tape, 3) a 
negative is processed and developed, 
4) a print is made from the negative, 
and the sound track is added, and 
5) the print is chemically processed. 

Black and white film processing 
takes several hours; color processing, 
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a much more complicated technique, 
takes even longer. 

Another facet is the cost involved. 
RCA scientists estimate the black and 
white tape recordings will cost only 10 
per cent as much as film; because color 
film is more expensive, the savings 
with tape are even larger, up to 95 per 
cent of color film costs. 

And there are technical considera- 
tions that are just as imposing. Resolu- 
tion and picture clarity is one. Scien- 
tists predict that electronic photog- 
raphy, because of its very nature, will 
permit sharper, clearer end products 
than film photography. They point 
out that there are no positives or other 
secondary reproductions to be made, no 
film grain to worry about, and no care- 
ful chemical controls to be maintained 
during processing. 

Another advantage is in transmis- 
sion. At present there’s no way to 
move motion picture film from one 
part of the country to another, except 
by physically carrying it. But pictures 
on magnetic tape can be sent over 
coaxial cable, carried by telephone 
lines, or microwaved. 


Commercial Possibilities 


RCA says commercial television 
equipment to record pictures on tape is 
at least two years away. One of the 
problems that has to be solved is how 
to record at slower tape speeds 
without loss of fidelity or resolution. 
At present, with equipment recording 
at the rate of 30 fps, a large 17 in. reel 
can hold only a five minute broadcast. 
Scientists are confident that a speed of 
20 fps can be attained relatively easily. 
That would permit recording a fifteen 
minute show on a 19 in. reel. 

Another problem is putting the five 
color signals back into one signal for 
transmission. As yet, RCA technicians 
haven't tried it; but they doubt if it 
will be much of a problem. 

After commercial television, the pos- 
sibilities of the new technique extend 
into both consumer and industrial 
fields. RCA’s Chairman of the Board, 
Brig.-General David Sarnoff, put it this 
way, “The all-electronic chain of port- 
able television camera, video tape re- 
corder and standard television receiver, 
would make a convenient and versatile 
system for making amateur as well as 
professional motion pictures. In the 
home, tape equipment could be used 
for home movies or connected to the 
television set to make a personal re- 
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cording of a favorite television pro- 
gram.” 

Industry could also take advantage 
of instant motion pictures, photograph- 
ing tests or production facilities for im- 
mediate study. It could mean a whole 
new concept for industrial education, 
facilitating the training of engineers 
and shop men. 


The Present Status 


At the first public demonstration of 
electronic photography, Dr. E. W. 
Engstrom, Vice President in charge of 
RCA Laboratories Division, warned 
that the process was still in the ‘“de- 
velopment” stage. To observers who 
saw this demonstration, two factors 
were clear: 1) Black and white repro- 
ductions from the tape were excellent. 
From a distance, it was impossible to 


NAVY SHOCK 


W ASHINGTON—Almost 90 percent 
of the damage to equipments resulting 
from shock and vibration can be elimi- 
nated in future designs using currently 
available components, provided that 
such components are chosen on the 
basis of recent test experiences and 
mounted on structures that have good 
damage resistance. This is the con- 
clusion reached by Naval Research 
Laboratory engineers after an eight- 
year shock and vibration study of ship- 
board units, both electronic and non- 
electronic. 

In this study, NRL’s shock and vi- 
bration branch tested 270 items, rang- 
ing in weight from 3,025 Ib to less 
than one ounce, and in size from a 
radar antenna measuring 17 ft across 
the tips of the reflector to small 30 amp 
ferrule-type fuse clips. Shipboard units 
were selected for study because they 
require higher degree of reliability and 
sturdiness than other military devices. 

One noteworthy result of the pro- 
gram: vibration proved to be as damag- 
ing to the equipments tested as was 
shock. This was true even though the 
inertial forces acting on the units dur- 
ing vibration were low compared with 
shock—normally between 2 and 5 
gravity units (or G's) contrasted to 
300 for impact. The reason: the re- 
petitive nature of the vibration forces 
built up more destructive ability than 
the short-duration shock blows. Equip- 


tell that the television broadcast was 
not “live”. The picture was sharp and 
clear, and the sound was excellent. 
2) Color reproductions were praise- 
worthy though it was obvious that 
some refinement would be desirable. 
From a distance, the reproduction 
looked clear and sharp, but the colors 
were slightly washed out. Up close, 
there was some loss of picture resolu- 
tion, and a tendency to form “ghosts” 
on the picture tube. 

But as a first step, there was little 
doubt that RCA’s team of seven re- 
searchers had made a notable start. 
Television broadcasters, are busy 
at work figuring how they can best use 
the new technique. Hollywood's movie 
industry also is studying it. And U. S. 
film manufacturers feel there may be a 
threat to some of their markets. 
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ment well-designed for vibration was 
usually resistant to shock, but equip- 
ment that passed shock tests might or 
might not pass vibration tests. 

Chassis, cabinets and frame struc- 
tures were found to be the principal 
weak parts in the design. Most of the 
weaknesses noted stemmed from a lack 
of sufficient structural stiffness. Poor 
structural design was also reflected in 
component performance under both 
vibration and shock and was con- 
sidered to be the chief reason why com- 
ponents failed. 

The tests showed that critical com- 
ponents can be arranged to benefit 
from the maximum deflections of the 
structure occurring during shock with 
very little increase in the damaging 
effect of vibration. Components cur- 
rently used that are listed as critical 
include electron tubes and relays. One 
possible solution to this problem, ac- 
cording to NRL: completely enclosed 
rotary-type relays and “ruggedized” 
electron tubes. 

In general, the problem of resistance 
was found to be mechanical. However, 
the tests showed that the addition of 
shock mounts on equipment is not the 
entire solution to shock and vibration 
problems. Many lightweight equip- 
ments, both electronic and non-elec- 
tronic, could pass required tests with- 
out shock mounts, because the designer 
considered structural detail 
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TECHNICAL NEWS 


SOCIETIES LOOK FOR NEW HOME 


FIFTY YEARS AGO, the Engineering So- 
cieties Building was built in New York 
to serve as a home for professional en- 
gineering groups. Since the day its 
doors first opened, the building has 
housed the “Four Founder Societies’ 
( ASME, AIEE, AIME and ASCE) that 
represent the primary roots of the engi- 
neering society in the United States and 
has sheltered the early activities of 
many other professional organizations 
But in recent years, engineering activi- 
ties have outgrown the building. 


Membership figures tell the story. In 
1903, the four founder societies had 
about 11,000 members. The combined 
figure in 1953 is over 140,000. In 
addition, over twenty younger technical 
societies of widely recognized profes- 
sional stature have sprung up in the 
engineering field (typical of these: 
IRE, ASM, SPE). 

Now, United Engineering Trustees, 
Inc., a cooperative venture of the 
founder societies whose interest is the 
Engineering Societies Building, is look- 


MORE NEW CARS 


ing for a new home for the enginec:- 
ing societies. They've set five stringent 
requirements: 

© Sufficient modern office space to 
accommodate all administrative staf 
work in one location. 

© Sufficient space in one building to 
accommodate the several professional 
engineering societies that desire to be 
associated in the same location with the 
founder societies. 

© Committee meeting rooms for 
common use by all associated groups. 


PACKARD New Patrician (above) carries Pack- 


ard into the “over-200 hp” class. Its 
1954 engine rating: 212 hp at 4,000 rpm. The straight eight 
engine, according to the company, delivers greater passing abil- 
ity in the range of 40 to 70 mph, critical driving speeds. The 


NASH 1954 Rambler continues the continental styling 

* by Pinin Farina, emphasizing it by moving the 
spare tire to a rear mount in all models—last year this was 
optional at extra cost. Wheel base of standard models has been 
extended to 108 in.; a new line of custom models is available 
with 100 in. wheelbase. Note air intake louvres moved to a 
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company has retained in the Packard line most of the styling 
features introduced last year. But in the Clipper series there are 
major innovations. Biggest of these is the introduction of a new 
series—the Super (above) rounding out the Clipper line. With 
this addition, the company hopes to hold gains made in 1953. 


position under the windshield. New Statesman features an 
emphasis on lavish interiors. Engine rating of the six-cylinder, 
Dual Powerflyte, L-head engine has been boosted to 110 hp, and 
electrically-operated window lifts added as an optional acces- 
sory. Exterior colors are more varied too; new models are avail- 
able in 14 solid and 14 two-tone combinations. 
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e Facilities for housing the Engi- 
neering Societies Library. 

è Suitable facilities for economical 
handling of records, mail and similar 
community service. 

The trustees pleas for new head- 
quarters have not fallen on deaf ears— 
almost a dozen different cities have ap- 
proached the group with offers of help. 
Chicago, Pittsburgh, New York, Balti- 
more, Cleveland, Washington and De- 
troit are reported to have made con- 
crete offers of assistance. Other cities 
have made less specific overtures. 

At the ASME meeting held last 


month in New York, one particularly 
lush rumor made the rounds of meet- 
ings rooms. The story: a group of Pitts- 
burgh industrialists have offered to 
build a complete engineering center if 
the Trustees will approve a move to 
the steel city. The center would in- 
clude a building to house offices, hotel 
facilities for 2,000 or more visitors, a 
library, a huge auditorium for large 
conclaves, and plenty of smaller meet- 
ing rooms, these in addition to a new 
Engineering Societies Building. 
Whether the Pittsburgh rumor is 
true or not, that city seems to have an 


inside track with the committee. But 
no matter how good the offer looks, 
there’s a serious obstacle preventing 
any move. The three trustees repre- 
senting the ASME can take no action 
without a vote of the entire ASME 
membership. 

ASME leaders are trying to cope 
with this situation. They're planning 
a ballot letter to all members, asking 
permission for the trustees to act on 
their own initiative. Engineering lead- 
ers say that favorable passage of this 
issue is a must if any direct action is to 
be accomplished toward a new center. 


MERCU RY. —— of this 1954 line is the new 

Monterey “Sun Valley,” a hard top 
coupe with transparent plexiglas roof. Also new is the overhead 
valve V-8 engine that powers all 1954 Mercury cars. Develop- 
ing 161 hp, the new engine uses a four-barrel carburetor in 


LINCOL N There’s no change in Lincoln’s 205 hp 

J> ** engine rating for 1954, but there are 
mechanical changes in the engine: bigger, more flexible single- 
diaphragm vacuum distributor control, new vacuum controlled 
four-barrel carburetor, and redesigned hydraulic tappets. Styl- 
ine modifications include new bumper guard air scoop. 
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which vacuum operation of the secondary Venturi automatically 
controls fuel air mixture. Other engine features include a new 
high-turbulence combustion chamber with large valves, integral 
valves guides and heat-shielded spark plugs. Another change 
is the new frame designed to withstand greater fatigue loads. 


Newest addition to the Stude- 
baker line is this “Conestoga,” 


STUDEBAKER. 


all metal station wagon. It, too, incorporates the radical conti- 
nental styling introduced last year. In 1954 the company has 
concentrated on interiors, developed in a wide variety of colors 
and fabrics to harmonize with exteriors. 
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TECHNICAL NEWS 


ENE EGE E N ie RIOTO VTR r a 


NEW VIBRATORY GYRO 


U. S. MILITARY MEN are studying fu- 
ture applications of a new type of gyro- 
scope. The revolutionary device obtains 
its gyroscopic signal from a vibrating 
or oscillating mass instead of from the 
continuously rotating wheel (supported 
by bearings) that is used in conven- 
tional gyroscopes. 

Actually, the vibragyro operates on a 
well-established principle of physics, 
Newton's first law of motion: “A body 
remains in its condition of rest or uni- 
form motion in a straight line except 
if it is compelled to change that condi- 
tion by external force applied to it.” In 
the new instrument, scientists have 
copied insect flight The 
closest models are the halteres or gyra- 
tory sense organs found on the com- 
mon house fly. These club-shaped vi- 
brating rods are located behind the fly’s 
wings and supply a sense of balance. 

Functioning is relatively simple. 
When a vibrating tuning fork is turned 
rapidly about the vertical axis, an oscil- 
latory twisting action is produced. If, 
for example, the fork is rotated in a 
counterclockwise direction, when the 


devices. 
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tines are in the middle of their swing 
towards each other, they assist rotation 
by the formation of a couple; but when 
they move away from each other, the 
couple opposes rotation. Continued 
turning of the handle of the fork re- 
sults in an oscillating torsional force 
in it. The amplitude of such oscillation 
is proportional to the rate turn of the 
handle about its axis. 

In the vibragyro, this phenomenon 
produces a signal that reports the angu- 
lar velocity and the direction of the 
turn. 

Major advantage of the new instru- 
ment is the fact that there are no bear- 
ings and no friction losses as a result of 
bearing action. That means the vibra- 
ting gyro has a high sensitivity, with 
response times in the order of 0.005 
sec or lower, extreme sturdiness and the 
ability to withstand heavy acceleration 
because there are no dynamic balance 
problems. 

Other advantages: wide range, single 
axis sensitivity, and subminiaturization. 
The instrument can measure both ex- 
tremely small and large angular rates 


CROSS SECTION of new gyro shows the 
heart of the instrument—U-shaped prongs 
that vibrate like a tuning fork under the 
influence of electromagnets. Left. Experi- 
mental automatic pilot based on new 
vibratory gyro is currently being flight 
tested by Sperry. 


with good linearity. And, since it is 
sensitive only to angular velocity about 
a single axis, accelerations about other 
axes do not introduce steady state 
errors. 

However, there are plenty of new 
design problems that have to be solved 
before the vibragyro is ready for exten- 
sive application. For example, the de- 
vice requires an electronic amplifier, 
and that cuts down some of its ability 
to withstand shock and acceleration. 
Electromagnets drive the tuning fork, 
and these magnets must be aligned ex- 
actly or they impart spurious torques. 
And the entire assembly must be 
shielded against stray magnetic fields. 

Sperry Gyroscope Company, Divi- 
sion of the Sperry Corp., has been pio- 
neering this new instrument along with 
the U. S. Navy’s Bureau of Aeronau- 
tics. The project has been highly 
classified until recently when details 
were disclosed to a group of military 
and industrial aeronautical engineers. 
Reason for the disclosure: to speed up 
successful adaption of the vibrating 
gyroscope to automatic flight controls. 
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SAE MEETING: 


WHEN THE ANNUAL MEETING of the 
Society of Automotive Engineers con- 
venes in Detroit this month (January 
11 to 15), there will be the usual col- 
lection of first-rate technical reports on 
the program. But some of the most 
important discussions will never reach 
the official meeting floors. They'll take 
place behind locked doors in private 
rooms. 

Scheduled for heated consideration 
is the horsepower sweepstakes, which 
engineers feel has moved into the 
ludicrous stage. Unofficially, SAE mem- 
bers will try to figure out a method to 
steer the industry away from bigger 
engine ratings without a formal pro- 
gram that would eliminate competition 
between manufacturers and open the 
door to anti-trust or cartel charges. But 
insiders say any such program is 
doomed in advance; all indications 
point to even greater emphasis on in- 
creased power. They're predicting 300 
hp engines in most “high-priced” cars 
within three years. 

Privately, automotive engineers are 
appalled at the power going into cur- 
rent passenger cat models. But they 
have little to say about it; sales depart- 
ments have applied—and will continue 
to apply—heavy pressure for the more 
powerful engines. 

Chrysler Corporation is a typical ex- 
ample. This year, the company was re- 
luctant to make any change in its 180 
hp engine. But with Lincoln advertis- 
ing 205, and Cadillac boasting 210 hp, 
Chrysler dealers found themselves los- 
ing customers. The result: in 1954, 
Chrysler’s power plant has been 
boosted to 235 hp. And the company 
is in no position to ease up its adver- 
tising on the power theme. All 
Chrysler Corporation cars—Chrysler, 
De Soto, Dodge and Plymouth—under- 
went relatively minor styling changes 
this year, while their chief competition 
—Buick, Oldsmobile and Cadillac— 
introduced major changes and are con- 
sidered by the industry to have “hot” 
models. Chrysler hopes that ‘more 
horsepower” will outsell General Mo- 
tors’ new styling. 

However, despite the unreceptive 
atmosphere, Detroit veterans predict 
that the SAE will start a subtle but or- 
ganized publicity campaign on horse- 
power. The theme: smaller cars with 
less power for better gasoline mileage, 
maneuverability, and easier parking. 


Horsepower and Safety 


Another topic that will keep auto 
men guessing is the future of plastic 
bodies. Chevrolet engineers will un- 
load their experiences gained in recent 
months with the Corvette. The facts 
should give many people something to 
think about. SAE members will hear 
that plastic bodies are more than just 
a “gimmick”; they'll compete favor- 
ably with steel bodies as soon as costs 
are slashed. 

One of the top projects at prac- 
tically all auto plants is research on 
methods of fabricating plastic bodies. 

Officially, the SAE will not take 
notice of the automobile sales picture 
and the hard selling that faces dealers. 
But, off the record, the auto engineers 
will be looking for any means to help 
sell cars by improving design or cut- 
ting production costs. Suppliers will 
have a host of new products to talk 
about. For instance: 

© Powdered metal piston rings that 
can be made cheaper and better than 
cast iron rings. 

© Powdered metal valve guides that 
operate without external lubrication 
and end valve sticking. 

© Thermostatically controlled fans 
that will save up to 25 hp on larger 
engines. The thermostat cuts off the 
fan when it is not needed for cooling. 

In addition, there will be plenty of 


NEWS BRIEFS 


e In Chicago, while guest-lecturing at 
the Illinois Institute of Technology, 
British jet scientist Dr. Owen A. Saun- 
ders reported that Great Britain had a 
five-year lead over the United States in 
jet engine development. He credited 
better compressors, which resulted in 
more efficient engines and better over- 
all designs, for English superiority. 


e In New York at the Honors Night 
Dinner of the Institute of the Aeronau- 
tical Sciences, on January 25th, Charles 
Augustus Lindbergh will receive the 
coveted Daniel Guggenheim Award. 
The Society of Automotive Engineers, 
the American Society of Mechanical 
Engineers and the Institute selected the 
“Lone Eagle” for “pioneering achieve- 
ments in flight and air navigation.” 
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behind-the-scenes discussion on how to 
design cars for safer operation. The 
big horsepower increases have made a 
lot of ideas obsolete. One of the most 
serious problems is the situation de- 
veloping around brake design. Test en- 
gineers tell designers that it's too 
hard to stop the big cars powered 
by over 200 hp engines with the con- 
ventional brakes that are offered as 
standard equipment. Power brakes are 
better, but they aren’t the whole answer. 

Body engineers want to hear about 
making new designs more “impact- 
proof” so passengers will get better 
protection if the car is in a serious 
accident. Some of the ideas being ger- 
minated are throwbacks to the early 
days of automobile building or stem 
from auto racing experiences: rein- 
forced side panels and doors, heavier 
front and rear bumpers capable of ab- 
sorbing relatively sharp impact, roll- 
over bars, and safety belts. The last 
device is being strongly advocated by 
stock car racers. Marshall Teague, one 
of the better known drivers who has 
been working with Hudson Motor Car 
engineers, claims that highway fatali- 
ties could be reduced by 75 percent 
if people were held inside cars in 
an accident. That much reduction, 
even if exaggerated, cannot be dis- 
regarded by auto engineers. 





© Lockheed Aircraft Corporation will 
strive for a bigger share of the auto- 
matic flight market. The company has 
started a new division devoted ex- 
clusively to the design, development 
and production of pilotless aircraft and 
missiles. 


© Buick Motor Division, presenting a 
1954 line of cars with major styling 
and mechanical changes, expects to set 
new sales records this year, despite 
some fears expressed by others about 
auto sales. Ivan L. Wiles, General 
Manager, is banking on technical im- 
provements in the new Buick to ac- 
complish this. Said he: “For 1954 we 
have engineered a product that will 
represent our most outstanding value 
in years. 
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[ SWISS CH 
HOLE A J 


The reason our genius looks so happy is that he has just 
used a Doerr brake motor in testing this mechanical 
marvel. A lot of overtime will be required to bring his 
design up to date, but he has found the final answer to 


his drive problem. 


We have assisted an impressive list of machinery builders 
with their motor applications. This has involved the 
development of many electrical and mechanical features, 
making our line extremely flexible and of particular 
interest to machine designers. Mail the coupon below for 


more information on Doerr motors. 


DOERR! 


Polyphase brake motor in 66 
frame, with Stearns magnetic 


broke. Available in single and 
CLAE ima aaa 
enclosed construction, with 
J yT a Y y either foot or face mounting. 
Electric Motors from 
1/30 to 5 hp. Standard, 
CEDARBURG, WISCONSIN or Designed 


to Your Specifications. 


DOERR ELECTRIC CORPORATION, Cedarburg, Wis., Dpt. PEI 
Please send your new bulietin on electric motors, without obligation. 


NANE eee‘ nnan 
COMPANY 


ADDRESS 
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THE ARTICLE “Using Taylor's Series 
To Solve Spiral Gear Problems”, Prod- 
uct Engineering, December 1952, 
shows how a more exact solution of 
an equation can be obtained if an 
approximate value is known. The 
method is demonstrated by means of 
the problem of determining the helix 
angles of spiral gears if center dis- 
tance, number of teeth, and pitch are 
specified, for the special case of the 
shafts crossing at right angles. It 
will now be shown that this problem 
can be solved in a similar, graphical 
way for any shaft angle. The results 
are, of course, affected by slight errors 
in drawing and scaling. Starting from 
these results, however, more exact 
solutions can then be obtained, for 
example, by the method described in 
the article referenced above. 

Shaft angle ¢, center distance d, 
number of teeth, N, and Ng, helix 
angles a and 8, and the diametral 
pitch P, are related as follows: 


M N: 
P + Boss 3 


at+Bp=¢@ 








= 2d, and 


4¥1 


N. 
2A P 


If a is substituted for 


and & for a 


: 7 re 
zP " follows that 


a b 


— = ) 
cos « cos (¢ — a) l a 


An attempt to solve Eq (1) leads to 
costa — 2 (a + b cos ġ) cosa + 
(a? + B + 2ab cos  — sin*¢) cos*a + 


(2a sin? $) cos a — a? sin?°ġ = 0. 


This fourth degree equation scarcely 
invites an exact solution. However, 
it is useful in that it indicates there are 
four solutions; these may be in pairs, 
real o plex, and the real solutions 
ma" rticular cases, be identical 
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Graphical Solution of a Spiral Gear Problem 


OTTO LICHTWITZ 
Mechanical Engineer, London, England 


Right Angle Shafts 


For convenience, the special case of 
¢@ = 90 deg. is considered first. For 
this condition, Eq (1) takes the form 








a 
COS a + sna l 2) 
Point C in Fig 1 has abscissa 4 and 
ordinate b. If a rule or a strip of 
paper on which the distance AB = 1 
is marked is moved so that the point 
A remains on the horizontal and the 
point B on the vertical axis, there are 
generally two positions, A,B, and 
AB, for which the edge of the rule 
passes through the point C. The 
angles a, and ay satisfy Eq (2), since 
BC = a/cosa and CA = b/sina. If 
there should be only one position AB, 
the two solutions are identical. If 
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there is no possible position for AB, 
the two solutions are complex. The 
two other solutions to be expected 
which were not discussed in the ex- 
ample of the previous article, will also 
be considered in the following 
example. 


EXAMPLE 1. In a pair of spiral gears 
for shafts crossing at right angles, 
N, = 20 and Ng = 40, diametral 
pitch = 10, and the center distance 
is 5 in. 

The helix angle of the 20 tooth 
gear complies with the condition 


20 40 


"10 cos a 10sina 10, of 
a es 
cos a sin a 


(continued on page 213) 
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The “big six”? of plastics 
(styrene, phenolics, cellu- 
losics, vinyls, aminoplasts and 
polyethylene) are “modern 
design materials” for 
Air Conditioners 
Automatic Washers 
Dishwashers 


Electrical A pplianc es I 


Floor Coverings 
Furniture 
Home Freezers 
Home Furnishines 
Housewares 
Lamps 
Mixers 
Radios 
Re frigerators 
Stoves 
Television Sets 
Toasters 
} acuum (€ leane rs 


Wall Tile 


YOUR. PRODUCT IN ‘THEIR. PLANS '? 


Higher incomes, a higher standard of living, new leisure time, and new social 
patterns have changed consumer needs and desires radically in recent years. 
Today consumers are demanding new kinds of products— “modern products for 
modern living”—mostly unknown or in primitive form ten, twenty years ago. 

This tremendous demand for new and better products is leading alert 
manufacturers to take a continuing second look at their products .. . and the 
materials from which they are made. For example, modern research by Monsanto 
constantly provides industry with new plastic materials with which to keep one- 
jump ahead of rapidly-changing consumer demands. 

In the past year alone, Monsanto has added 20 new formulations to its 
“big family” of high-quality plastic raw materials. Perhaps one of these—or 
another Monsanto plastic—can help you, too, produce better, faster selling prod- 
ucts at lower cost. Write today for full information. Also, send for Monsanto's new 
report to management: “Outside Design Influence Sets Style of Consumer Items.” 


— 
sG 


MODERN MATERIALS FOR MODERN LIVING.. PLASTICS _ mee 


MONSANTO 


O 
SERVING INDUSTRY... WHICH SERVES MANKIND 
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s 


ee 
MONSANTO CHEMICAL COMPANY, Plastics Division, Room 2101, Springfield 2, Mass 


Please send me your new management report: “Outside Design Influence Sets Style of Consumer Items.” 


Name & Title 
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The scale can be chosen arbitrarily ; 
a recommended unit is 100 mm. Then 
a = 0.2 becomes 20 mm, 6 = 0.4 
becomes 40 mm, and AB = 1 be- 
comes 100 mm. In this case, the 
angles a can easily and almost ex- 
actly be determined even without a 
protractor. If, in Fig. 1, the distance 
OA, is measured as approx. 35 mm, 
cosa, is approx. 0.35, and a; approx. 
69 deg. 29 min. Similarly, distance 
OB, can be interpreted as sina,. Us- 
ing the approximate value of a, as 
starting point, the exact value 69 deg 
34.7 min. can readily be determined. 
Distance OB, is measured as approx. 
52 mm, so that sina, is approx. 0.52, 
and a is approx. 31 deg. 20 min.; the 
exact value is 31 deg. 30.37 min. The 
first solution may be convenient if the 
20 tooth-gear is driving, and the 
second if this gear is driven. 

Theoretically, angle ag = 160 deg 





43.63 min. is likewise a solution 
because 
ASR, Ee 
cos 160° 43.63’ sin 160° 43.63’ 


= — 0.2119 + 1.2119 = 1. 


The angle ag = —81° 48.67’ is 
still another solution since 





0.2 0.4 
cos (—81° 48.67’) sin (—81° 48.67’) 







= 1.4041 — 0.4041 = 1. 






As Fig. 1 shows, these two solu- 
tions can be found graphically if the 
points A and B are also moved along 
the negative parts of the respective 
axes. The following rule may serve 
for specifying the angles: The line 
AB can be imagined as rotated around 
the point A until it coincides with the 
horizontal axis in such a way that the 
point B lies at the left hand side of A; 
if the rotation is clockwise, the angle 














is negative; if it is counter-clockwise, 





the angle is positive. 





The fact that for ag and ay the 
difference of two values equals unity 
rather than the sum, indicates that 
internal will be required 
This, however, is not feasible if the 
shafts are crossing at 90 deg, because 






gearing 
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the shaft of an internal gear cannot 
fit inside the outer gear. 

If the number of teeth had been 
chosen 30 and 60 respectively, the 
edge of the rule would pass through 
the point C’, and as the ratio of the 
gears would remain unchanged, the 
points O, C, and C’ would lie on a 
straight line. However, there are no 
positions analogous to 4B, and 42B», 
and the mathematical interpretation is 
that the two corresponding solutions 
of Eq. (2) are complex. The graphi- 
cal representation indicates that the 
obvious solution is to choose smaller 
numbers of teeth, or a coarser pitch. 


Shaft Angle 
Other Than 90 Degrees 


The sketch in Fig. 2 shows how 
solutions are obtained if the shaft 
angle ġ, is not a right angle. Line OD 
is drawn at angle œ with the vertical 
axis, and point C is determined by the 
distances a from the vertical axis and 
b from OD. If the points A and B 
(AB = 1) are moved along the line 
OD and the vertical axis respectively, 
any position for which the connection 
of A and B passes through C indi- 
cates a solution for the angle a; for 
as Fig. 2 reveals, 


Cand CA = ae 


as cos a cos (ġ—a) ` 





Because the shaft angle can be 
expressed either by an acute or the 
supplementary obtuse angle, OD’ 
which makes angle (180 — ¢) with 
vertical leads to other possibilities. 
The corresponding point C’ should 
be entered in the top right quadrant, 
and should be the distances a and } 
from the vertical axis and from the 
line OD’ respectively. However, since 
C and C’ would be close to each other 
and several lines would cross there, it 
is more convenient to use the mirror 
image by entering C’ in the fourth 
quadrant. In this case, b is measured 
from the line OD (Fig. 2) so that 
OD’ becomes superfluous. 

Angle a is specified as in the case 
of a 90 deg shaft angle. The only 
modification is that lines AB are not 
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imagined rotated around the point A, 
but rather around the intersection of 
AB with the horizontal axis. More- 
over, if C’ is located in the fourth 
quadrant, the direction of rotating 
lines AB must be reversed. 

Thus, there are twice as many solu- 
tions as in the case of @ = 90 deg. 
However, this advantage is only ap- 
parent: The reversal of a shaft by 180 
deg. is accompanied by the reversal of 
rotation, and such a reversal can be 
accomplished in the case of ¢ = 90 
deg. by reversing the “hand” of the 
helices. 





EXAMPLE 2. Spiral gears are required 
for @ = 45 deg, my = 30, na = 60, 
d = 5 in., and P = 10. 

Eq (1) leads to the condition 


30 60 
w.e mig me 
K Or S 2 
cos a cos (45—a) 


Points C and C’ in Fig. 3 are char- 
acterized by a = 0.3 and b = 0.6. 
Disregarding two complex solutions, 
there are six real solutions for the 
angle alpha. See table on pg 215. 

Solutions (1) and (2) pertain to 
external gears, and the gears are of 
the same hand because both a and 8 
are positive. The other four solutions 

(continued on page 215) 
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Saves $100,000 a Year 


by specifying this Special Armco Steel 


Bey 


A few years ago a leading manufac- 
turer changed from a plated metal to 
Armco ALUMINIZED Steel for several 
parts of an electric toaster. 


THE CHANGE-OVER SAVES $100,000 A YEAR. 


This saving is in plating costs alone. 
Because it is a hot-dip aluminum 
coated steel, Armco ALUMINIZED needs 
no plating. Interior parts of the toaster 
are simply stamped out and installed 
without any additional operations. 


HIGHLY EFFICIENT, TOO 


Besides cutting costs, parts made of 
Armco ALUMINIZED Steel assure top 
efficiency. The inside stays hot, the 
outside cool, The reason is that Armco 
ALUMINIZED is an excellent heat re- 
flector up to about 900 F. It reflects 
more than 80 per cent of the radiant 
heat thrown against it. 

At higher temperatures, Armco 
ALUMINIZED is a good emitter of radi- 
ant heat. From 900 F to about 1250 F 
the aluminum coating alloys perma- 
nently with the steel base. It forms a 
tight gray surface layer of iron-alumi- 
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num alloy. This also gives the steel an 
unusually good refractory coating. 

If you make products that are ex- 
posed to a combination of heat and 
corrosion, there's a good chance that 
Armco ALUMINIZED Steel can help you 


ARMCO STEEL 


cut costs and turn out a better product. 

It may pay you to look into the 
advantages of this Armco Special- 
Purpose Steel. Just fill in and mail the 
coupon on this page for complete 
information. 


CORPORATION 


4963 Curtis Street, Middletown, Ohio © Export: The Armco International Corporation 


ARMCO STEEL CORPORATION 
4963 Curtis Street, Middletown, Ohio 


SEND ME INFORMATION ... 


I would like full information on Armco ALUMI- 
NIZED Steel sheets and coils. We manufacture 


NAME 


TITLE 


COMPANY 


STREET ADDRESS 
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Product Engineering 


(Continued from page 213) 


pertain to internal gearing; the gears 
are of opposite hands because in each 
case one helix angle is positive and the 
other negative. On the drawing, the 
angles must, of course, be indicated as 
positive acute angles. For example, 
in solution (3) below, the helix angle 
of the gear having 20 teeth would be 
65 deg 24.35 min. (180 — 114 deg. 
35.65 min.), and the helix angle of 
the other gear would be 69 deg 35.65 
min, of the opposite hand. 


Solution | Shaft angle, 
@, deg 


Right And Left Hand Gears 

If in Eq (1), @ is replaced by 
(—¢) and a by (—a), the equation 
assumes the form 


sia Micah B 
cos (— a) cos (—(ġ—a)) 


,= 


Because the cosine of a negative 
angle equals the cosine of the equiva- 
lent positive angle, the new equation 
is identical to the original one. Each 
solution can therefore be used for the 


Helix angles, a 
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Reference Book Sheet 


two different “hands”. However, it 
should be noted that one assumption 
is that @ is replaced by (—q). That 
means that in the case @ is not a right 
angle, the arrangement of the shafts 
must be changed to its mirror image, 
which is tantamount to a changed 
layout of the shafts. In the case of 
$ 90, the change of the “hand” 
does not affect the layout of the shafts, 
but causes a reversal of the direction of 
rotation of the driven gear 


Pitch diameters 
Dy, in. De, in. 


3.115 6.885 
3.987 6.013 
208 7.208 
106 10.106 
153 13.153 


327 7.327 
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Small Gas Turbine Unit For Aircraft Generators 


Designed originally as the prime mover for a light 
weight, portable pump assembly, this new gas turbine unit 
now offers a low weight-to-power ratio and reliable per- 
formance in airborne generator sets. Two models are avail- 
able. The T-41M-1 provides 8 KVa of a-c and up to 
14 KW of d-c power. The model T-41M-2, shown at 
right is a d-c generating unit rated at 14 KW. The 
T-41M-1 is a complete package with fully automatic electric 
controls. The T-41M-2 is a modification in which the 
alternator and electric controls are not required. 

The power source of the generator sets is the Mars gas 
turbine engine, built by this company, which operates at a 
speed of 36,400 rpm on high octane gasoline, jet propulsion 
fuels or diesel oil. A reduction gear reduces the speed to 
the two available outputs of 4500 rpm and 6000 rpm. 
The basic engine, including gears and engine mounted 
accessories, weighs 115 lbs, and delivers more than 40 hp. 
Acceleration and running of the complete generator set 
is fully automatic from the moment a starting signal is 
fed to the control system by closing a switch either manu- 
ally or automatically. Although the specification require- 
ment for speed regulation is plus or minus 5 percent 
the governor system actually holds within plus or minus 
3 percent. Automatic over-temperature and overspeed shut- 
down protection is provided. 

The turbine’s construction is compact. The centrifugal 
compressor impeller and radial, inward-flow turbine rotor 
are mounted back-to-back on the same shaft, separated by 
a seal plate. Inlet air enters the compressor through a 
tAn OAAS opening. The compressor scroll encircling 
the impeller collects and directs the compressed air into 
the combustor, where fuel is injected. Combustion gases 
then flow to the turbine scroll and nozzle, and impinge 
radially inward against the rotor vanes. The gases then 
flow inward and turn to exhaust axially through a short 
tailpipe. A portion of the compressor discharge air is bled 
off to circulate through a cooling shroud on the turbine. 

Ignition at starting is furnished by a spark plug and a 
booster coil. The turbine is accelerated to approximately 
5,000 rpm by the d-c generator acting as a motor. At this 
point, momentary ignition takes place and the turbine accel- 
erates under a combination of its own power and help from 
the starter to a speed of about 16,000 rpm. The motoring 
action of the generator is then automatically discontinued 
and the engine accelerates to operating speed. The full 
starting cycle is accomplished in less than 10 seconds. 

Fuel flows from the supply through a filter, fuel pump 
and governor to the spray nozzle in the combustor. Pres- 
surized lubricating oil is pumped to the bearings and 
scavenged back by gravity to the oil reservoir and sump, 
which is located in the reduction gear housing. 

There are applications for the gas turbine other than 
the T-41M-1 and the T-41M-2 generator sets. To date, 


one adaptation of the unit has been a portable water pump. 
Solar Aircraft Company, 
00 Pacific Highway, San Diego 12, Calif. 


A VIEW OF THE MODEL T-41M2, 14 KW d-c unit with the 
cover removed. The speed change between the turbine and out- 
put shafts is accomplished in a single, spiral, bevel reduction. 
All driven accessories are mounted on standard AND pads. 


ENGINE PERFORMANCE AT 3,400 RPM 
Fuel Consumption & Turbine Inlet Temperoture 
VS. Power at Given Compressor Inlet Temperatures 
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As a guide to other generator set applications the graphs shows 
turbine performance at sea level and 18,000 ft. The graph 
assumes a generator efficiency of 80 percent and makes allow- 
ance for power losses involved in cooling the generator. 
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SPECIFIED 


HOW TO SET THE TOOL is shown in the illustrations above. At left, the tool is 






MATERIALS = 


PRODUCT 


BY 





used as a measuring device. The templates are selected to match the openings of the 
duct and the pipe, then mounted on the tool and adjusted between the openings. A 
compound offset transitional square to round is shown. At right, by using the common 
steel square, the tool can be set up for fittings with outlets whose planes are perpen- 


dicular to each other. A wide variety of offset and intersecting shapes are possible. 


Complex Sheet Metal Patterns 


Quickly Developed 


In laying out surfaces accurately, 
there are three recognized methods 
that use the rules of geometry. The 
first is the parallel line method, which 
is the most widely used; the second 
is the radial line method; and the third 
is that of triangulation. Another way, 
which does not use the rules of ge- 
ometry, is the roll method. The most 
recent advance in this latter method 
is the Pattern Developer, the opera- 
tion of which is shown in the illus- 
trations at right. This new device 
will eliminate both the waste of time 
and material of the old roll method, 
and simplify the complexities of all 
three geometrical methods. 

Operating the pattern developer tool 
is easy. First, select templates of the 
proper size from a file of standard 
sizes, or cut them to order from sheet 
stock. A set of 30 templates is avail- 
ible with each tool. These templates 
nust match the openings desired i 
ach end of the transition fitting. 
Second, the length of the tool and the 
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position of the templates is adjusted 
according to the specifications of the 
fitting. A stock rod 4 in. in diameter 
may be used for an extending tool. 
The edges of the templates are then 
inked or chalked. When placed on 
the paper or metal from which the 
pattern is to be made, a starting point 
is marked on each template to deter- 
mine the location of the seam. Third, 
rotate the tool through one revolution, 
and make allowance for flanges and 
seams by adding to the pattern 


Each of the heads on the developer 
contains a protractor, allowing cither 
end to be set at any angle. Variations 
in length are from 8} in. to any de- 
sired length. Also, there is no limit 
to the size of templates to be used 

The illustrations in the column at 
right shows in sequence how a pattern 
is produced. In this case the desired 
shape is a taper intersecting a cylinder 


H. Owens ¢ 


PARTS 





























































































4 PATTERN OF A TAPER intersecting 
a cylinder in the process of being devel- 


oped. For laying out scalene cones, re- 
move one of the heads, set the protractor, 
and adjust the extension rod to the inter- 


section of the height and offset lines 


CONTINUED ON PAGE 218 
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Precision Type Load Cells Are Interchangeable 


Two new series of precision, and extra precision type 
SR-4 load cells for measuring forces and weights, based 
on the SR-4 bonded resistance wire strain gage, include 18 
compression load cells (type CX and CXX) in nine capaci- 
ties ranging from 500 to 200,000 Ib, and 16 tension load 
cells (type TX and TXX) of eight capacities ranging from 
500 to 100,000 pounds. 

These load cells are mechanically 
changeable with standard cells; as they have the same 
nominal resistance, 120 ohms, their voltage output at rated 
capacity is the same, two millivolts per volt, and cells of 
a given capacity have the same physical dimensions. The 
essential difference between the classes of cells is the finer 
tolerances to which the cells are calibrated and temperature- 
compensated, making possible high accuracy force measur- 
ing and weighing systems. 

Extra Precision load cells (type CXX and TXX) have 
a calibration accuracy within plus or minus 0.10 percent 
of full-scale output adjustment at 65 F, as compared with 
0.25 percent for the present 24 standard load cells. Nomi- 
nal output at rated capacity is 2.0 millivolts per volt. 

Temperature effect between 15 and 115 F on sensitivity 
(output) is within plus or minus 0.0008 percent per deg F 
as compared with 0.0050 percent per deg F for standard 
cells 

The temperature effect on zero load is within plus or 
minus 0.0015 percent of full scale per deg F as compared 


and electrically inter- 


New 4-way VALVES for the operation 


of ae and light hydraulic cy in another series 
linders are of the D-slide type, with due to the choice 


the port- = r — 


1) 
ated Dy 


being oper port-exchanger 


a doul le á t ylin ler in one 


series and by a spring return cylinder bly. 
High durability is 
of nylon for the 


aluminum for the pilot cylinder assem- 


with 0.0025 percent for standard cells. Zero balance at 
65 F is within plus or minus 24 percent of full scale, the 
same as for standard cells. 

New SR-4 precision type load cells are intermediate in 
characteristics. Their calibration accuracy it within plus or 
minus 0.15 percent at full scale output. Temperature effect 
between 15 and 115 F on sensitivity (output) is within plus 
or minus 0.002 percent per deg F, and the temperature 
effect on zero load is within plus or minus 0.0015 percent 

Highest accuracy is available when an extra precision 
load cell and instrument are purchased together. Cell cali- 
bration error and cell non-linearity can then be compen- 
sated in instrument circuits. The overall system error is 
then substantially the instrument error alone. These systems 
are made with overall errors as small as 0.01 percent. 

The compression cells range in size from 44} in. to 
11% in. in overall height, and from 3 in. to 8 in. in diam- 
eter. Tension cells range in size from 4% in. to 173 in. in 
overall height and from 3 in. to 9 in. in diameter. 

lications of the load cells for electrical weighing 
rahe: static weighing of storage tanks and hoppers; 
aircraft; trucks; locomotives; freight cars; and automotive 
forces and loads. 

Shown are some of the precision and extra precision load 
cells which range from 500 to 50,000 Ib in tension (left), 
and from 500 to 200,000 Ib in compression (right). 


Baldwin-Lima-Hamilton Corp., Philadelphia 42, Pa. 


Valves are operated without lubri- 
cation on pressures from 3 to 200 Ib 
They measure 24 x 24 x 2 in. and have 
surfaced } and @ in. orifices. Airelectric Corp., 


P. O. Box 208, Melrose Park, III. 


hard 


CONTINUED ON PAGE 220 
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CASE HISTORY: Fractional-hp Motor 


General Electric gave industry a brand new 
concept in motors with its all-new Form G 
fhp motor. These completely new... com- 
pletely different motors give full NEMA per- 
formance at up to 50% less weight . . . 40% less 
bulk, rating for rating! 

Among the new features of this smaller, lighter, 
more versatile motor is an increased use of 
aluminum. The newly designed aluminum rotor 
is practically indestructible and is cast integral 
with the rotor fan blades— making for cooler 
running. The aluminum end shields help 
provide neater appearance and better conduc- 
tivity of heat away from the motor bearings, 
helping to give longer bearing life. 


Perhaps you, too, can find better uses for 
aluminum for weight saving, neater appear- 


ance, heat conductivity, and as an electrical 
conductor. All in all, from both a manufac- 
turing and the user’s standpoint, aluminum is 
the ideal metal to use in a great variety of 
electrical products. 


In almost every industry a change to aluminum 
has provided increased manufacturing effi- 
ciency, improved design and at the same time 
increased sales appeal. Ask Reynolds Alumi- 
num Specialists to help you apply aluminum’s 
advantages to your products and production. 


Call the nearby Reynolds office listed under 
“Aluminum” in your classified telephone direc- 
tory. Also write for a complete index of design 
and fabrication literature. Reynolds Metals 
Company, 2561 South Third Street, Louisville 
1, Kentucky. 


See “Mister Peepers” Sundays on NBC-TV. Consult local listing for time and station. 


Le 
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Automatic, 
Precision Lubricator 


An automatic precision lubrication system called the 
Lo-Flo lubrictor is capable of delivering minute quantities 
of lubricant to as many as 36 individual points, regardless 
of the difference in pressures required. It is available in 
18 or 36 feed models, with or without group regulation 
of feeds. 

The lubricator is a flexible unit with flow rate per feed 
ranging from 2.3 cubic inches per hour to less than 1 cubic 
inch per 700 hours, and can use a variety of lubricants 
from light oils to light grease at 60 F. Outlets can be 
manifolded internally to increase flow to selected bearings. 
In addition, the unit can be used with separate or integral 
reservoir. 

The unit is available with a number of drives including 
rotary shaft, built-in ratchet, solenoid, and pressure pulsa- 
tion of liquids or gases, all provided in several gear ratios 
to adapt the lubricator to any requirement. For larger 
systems a number of remotely located lubricators can be 
driven and supplied from a convenient central station. 

All outlets of the lubricator accurately and independently 
discharge the same amount of oil. The unit has self-lubri- 
cated construction and is self-priming. With 500 psi work- 
ing pressure and 1,000 psi relief, there is sufficient pressure 
to overcome line blocks. 

The lubricator unit is a small compact unit, standing less 
than 14 in. high, and requires a minimum of fittings. 


Nathan Mfg. Corp., 416 E. 106 St., New York 29, N. Y. 


High epee Widely Adjustable Relief Valves 


A new line of 1 in. high capacity relief valves for pro- 
viding constant relief gis control in oil systems, have 
been designed to have a small pilot valve controlling the 
action of a larger main valve. The valve is designed to 
hold pressure constant regardless of flow. The main valve 
is only responsive to the flow through the pilot. 

The main valve positions itself to maintain this pilot 
flow constant, and any change in pressure at the pressure 
point affects the pilot valve which in turn controls the main 
valve 

High capacity is obtained by the sliding spool construc- 
tion. Both sliding spool and the sleeve it slides in are of 
hardened steel, and provide long life service on farm 
machinery, road machinery and machine tools. Relief pres 
sure is constant, and is not affected by flow, temperature 
or oil viscosity. 

Relief pressures are adjustable from 50 to 1,000 psi or 
500 to 3,000 psi. Capacity is 40 gpm at pressures of 200 psi 
or greater 

A line of ł in. relief valves are also available for the 
same applications. Relief pressure on these units is adjust 
able from 50 to 300 psi. Its overall size is 2 x 2 x 5} inches. 


Fluid Controls, l g4 N r5 Mentor, Ohio 
CONTINUED ON PAGE 222 
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NEW PROTECTIVE COATING CHEMICAL FOR ALUMINUM 


ALODIZING 


Alodizing with “Alodine,’* a new technique in the 
protective coating of aluminum, was made available for 
production-scale use in 1946. Since that time Alodizing 
has largely supplanted the more elaborate, costly and 
time-consuming anodic treatments in the aircraft and 
other industries. 


Continuous and successful industrial use has clearly 
demonstrated the simplicity and economy of the Alodiz- 
ing process as well as the effectiveness of the “Alodine” 
amorphous coatings, particularly as a base for paint. In 
fact, the paint-bond that Alodized aluminum provides has 
been found to be superior to that possible with chromic 
acid anodizing. 


The corrosion-resistance of unpainted aluminum Alo- 
dized with “Alodine” Nos. 100 or 300 is excellent, easily 
meeting the requirements of Specification MIL-C-5541. 
However, a need for protection of unpainted aluminum, 
even better than that obtained with chromic acid ano- 
dizing, has long been recognized. 


NEW IMPROVED “ALODINE” DEVELOPED 
By ACP RESEARCH CHEMISTS 


Several years of intensive research have now led to a 
new type of “Alodine,” designated as “Alodine” No. 
1200. This new protective coating chemical forms an 
amorphous mixed metallic oxide coating of low dielectric 
resistance that provides unusually high corrosion-resist- 
ance for unpainted aluminum. In addition, it forms an 
excellent paint bond that approaches closely the high 
quality obtained with the earlier types of “Alodine.” 

After having been tested for conformance with Specifi- 
cation MIL-C-5541, “Alodine” No. 1200 is now about 
to go into production. 


PROCESS DETAILS 


“Alodine” No. 1200 is the only essential chemical 
needed to prepare the coating bath and the final rinse 
bath. One of its unique feature$ is that it can be used in 
tanks in an immersion process, or, in a multi-stage power 
washer in a spray process, or, with a slight adjustment 
of pH, with brush or portable spray equipment in a 
manual process. This means that even where the simple 
production equipment is not available, or where touching 
up of damaged coatings previously Alodized or anodized 
is required, excellent protection and paint bonding can 
still be obtained with practically no equipment. 
*"Alodine” Trade Mark 


Reg. U. S. Pat. Off. 


CHEMICALS 


PROCESSES 


Detroit, Michigan 
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All three methods of application easily meet the re- 
quirements of Specification MIL-C-5541. 


Process sequence for all three methods of application 
is the same as for other standard grades of “Alodine” 
such as Nos. 100, 300, and 600, viz.: 1. Pre-cleaning. 
2. Rinsing. 3. Alodizing. 4. Rinsing. 5. Acidulated rins- 
ing. 6. Drying. 


Coating time in an immersion process ranges from 2 
to 8 minutes and in a mechanized spray process is about 
30 seconds. “Alodine” No. 1200 baths are operated at 
room temperatures (70° to 100°F.) and heating is 
required only if the bath has gotten cold after a “down” 
period. 


RECOMMENDED USES FOR “ALODINE” 
No. 1200 

“Alodine” No. 1200 is specifically recommended for 
coating wrought products that are not to be painted or 
are to be only partially painted; and for coating casting 
and forging alloys whether or not these are to be painted. 
“Alodine” Nos. 100 and 300 are still recommended for 
coating wrought products such as venetian blind slats, 
awnings, etc., that are invariably painted. 


SALT SPRAY COMPLIANCE WITH TENSILE 
EXPOSURE REQUIREMENTS OF MiL-C-5541 
CHROMIC passes 


ACID r passes 


ANODIZING ren 


BRUSH passes 
“ALODINE” passes 
No. 1200 posne 

passes 


DIP passes 
* ALODINE” Poe 


No. 1200 — 
passes 


DIP on 
“ALODINE" — 


No. 100 za 


168 hrs. passes 
250 hrs. fails 
500 hrs. fails 
1000 hrs. fails 


CONVENTIONAL 
CHROMATE 
TREATMENT 


AMERICAN CHEMICAL PAINT COMPANY 


General Offices: Ambler, Penna. 
Niles, California 


Windsor, Ontario 
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Self-Supporting Joint Has Less Weight, Longer Life 


The new series 2000 type S self- 
supporting joint, for admitting steam 
or other fluids into the rotating rolls 
and cylinders of paper, textile, rubber 
and similar machines, has been rede- 
signed for lighter weight, smaller size, 
lower cost and longer life of the 
wearing parts. 

This joint is completely self-sup- 
porting, and has application where 
suitable supports cannot be provided, 
and where lateral movement is en- 
countered. 

As before, the joint is còmpletely 
packless, requires no lubrication and is 
self-adjusting to varying pressures. It 
is furnished with head and body of 
close-grained cast iron, steel nipple, 
and springs plated to resist rusting. 

To allow the joint to follow the 
movement of the journal, flexible hose 
instead of rigid pipe is used. It can 
be mounted by tapping the journal to 
accommodate threaded nipple, but it is 
advisable to mount on separate flanges 
bolted on the journal. All models of 
the joint have head lugs for stop rods, 
which are especially designed for oper- 
ating in higher pressure and specd 
ranges. 

The type S joints are available in 
a wide range of threaded nipple sizcs, 
for pressures to 150 and to 250 Ibs., 


LAUU 


OU 


and for 450F maximum temperature. 
Both through flow and syphon pipe 
type arrangements are offered. 
Shown in the cutaway view are: 
(A) the nipple, which is attached to 
the roll or cylinder; the convex collar 


(C) which rotates against the carbon- 
graphite seal ring (B); a carbon- 
graphite guide (D); and the spring 
(E) which maintains the seating pres- 
sure. 


The Jobnson Corp., Three Rivers, Mich 


New Design in Coolant Pumps 


Simple in design, this positive dis- 
placement pep has a new concept in 
collant pump design. Among its fea- 
tures is the ability to pump large or 
small quantities of coolants under pres 
sure to internal machining operations. 

As the rotor (1) turns, cavities 
(2) progress toward the end of the 
stator (3) carying the coolants. The 
automatic shaft seal (4) eliminates 
leakage, contamination and gland ad- 
justment, and precision ball-bearings 
(5) save power, give longer life. The 
drive shaft (6) can be fitted with a 
belt driven pulley or direct-connected 
motor. 

Motor driven models are available 
in sizes $, 4, ł, 1, 14, and 2 hp with 
rotor and stator combinations to meet 
any machine tool pumping application. 

Associated Engineers, Inc., 
P. O. Box 1628, Springfield, Mass 


CONTINUED ON PAGE 224 
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THIS MAY BE THE PROFITABLE IDEA 


YOU'VE BEEN LOOKING FOR 


Here’s a tough fabricating job that requires high ductility 
from the metal involved. That’s one of the big reasons why 
Republic ELECTRUNITE Stainless Steel Tubing was used. 


The tubing on that coffee bowl is 34” O.D. x 22 gage Stain- 
less Steel. First, the tubing is expanded and the bead is up- 
set. Then the expanded end is annealed before rolling into 
the coffee bowl. It all adds up to some drastic fabricating. 
And a good product for Bloomfield Industries of Chicago. 


What about your product? Do you have a problem Stain- 
less Steel Tubing might solve? Have you looked into the 
possibility of using Republic ENDURO Stainless Steel Pipe 
or Tubing? If you haven’t, a call to your nearest Republic 
office can start you on the way making your product better 
or even cheaper to produce. Or both. Write to: 


STEEL AND TUBES DIVISION 
REPUBLIC STEEL CORPORATION 

222 EAST 131st STREET « CLEVELAND 8, OHIO 

Export Department: Chrysler Building, New York 17, N.Y. 


ELECTRUNITE 


PRODUCED BY THE MAKERS OF ELECTRUNITE — THE ORIGINAL ELECTRIC WELDED BOILER TUBE 
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... Backwash 
Choke Stem 


Automatic Valve for Water Treatment Systems 


For automatic regeneration cycle control of water soft- 
ener, filter, and ion-changer systems, a 2 in. multi-port 
valve features longer life, automatic operation and reduced 
maintenance. 

Regulated by automatic electrical controls and operated 
by time clock, the entire regeneration cycle can be accom- 
plished without supervision during off-work hours, or, two 
or more systems can be automatically coordinated to provide 
a constant supply of treated water for round-the-clock 
operations. 

Regeneration cycles can be precisely controlled. Once 
adjusted to suit local water conditions, the cycles never 
vary, and the guesswork of hand-operation is eliminated. 
Also, the minimum cycle time for correct regeneration can 
be established and the system placed back into operation 
without delay, increasing the overall efficiency. One valve 
handles the entire system, resulting in less piping, fewer 
valves, and easier installations. 

The new design requires only one moving unit in the 
valve, the stemplate-cam assembly, and this is raised 


COMPACT IN-LINE FILTERS for highly 
corrosive materials such as fuming 
nitric acid, hydrogen peroxide, and 
hydrochloric acid, employ 
Kel-F as the filter medium, which is use 


resistant to all common acids and 
gases in all concentrations, as well as 
to common organic chemicals. Stand- 
porous a Kel-F filter elements can be 

a temperatures up to 350 F. This 


completely from the resilient rubber seat before indexing 
to do away with scoring and damage to the valve seat. 
Sediment and foreign matter are flushed clear each time 
the stemplate-cam assembly is indexed. For periodic serv- 
icing, the entire assembly is accessible by simply removing 
the bonnet cover. In connection with this, no piping need 
be removed. 

The valve design provides porting changes through an 
electrical timer incorporating four adjustable cams which 
correspond to the backwash, brine-injection, rinse, and serv- 
ice flow positions. The cams control a motor-operated 
pilot valve which changes the pressure of the water above 
a rubber diaphragm in the valve bonnet. The water pres- 
sure variations cause the stemplate assembly in the valve 
to raise and lower—the assembly meanwhile being indexed 
90 deg with a barrel-type cam located at the top of the 
moving unit. Each 90 deg rotation provides a porting 
arrangement to handle all four cycles of regeneration. 


Automatic Pump & Softener Corp., Rockford, Ill. 


filter medium has tensile strength of 
900 psi and a modulus of elasticity of 
18,000 psi. The unit measures 5% in. 
in dia and 64 in. long. Porous Plastic 
Filter Co., Glen Cove, N. Y. 


CONTINUED ON PAGE 226 
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Two OILGEAR Type *‘DX"’ Two-Way 
Variable Delivery Pumps with three- 
position remote control, used on huge 
LAKE ERIE presses forming bathtubs. 


r..another example of how Kaydon pre- 
cision bearings help solve design problems 


On huge hydraulic presses with capacities up to 

7000 tons, power control depends on fluid-power 
variable delivery pumps. The better the pump, the 
more versatile, efficient and reliable the press. 
OILGEAR, in designing their famous Power-Pack 
pumps, required high precision, heavy-duty bear- 
ings. Like many other manufacturers, they asked 
KAYDON to design and produce special bearings to 
meet their requirements. If you have problems in- 
volving bearings, contact KAYDON of Muskegon 

exing 2 j i producers of high-precision bearings that pay off 

seat ; . in better products. 

time j 


serv- . | THE ENGINEERING CORP. 
y 5 i ae x MUSKEGON, MICHIGAN 


KAYDON Types of Standard and Special 
Bearings: Spherical Roller ¢ Taper 
Roller © Ball Radial ¢ Ball Thrust 
è Roller Radial ¢ Roller 
Thrust ¢ Bi-Angular 
Bearings 


Avee . 
9.4483” x 17.3228" x 2.835”, 
used in OILGEAR Power-Pack pumps. 


¢ FOR ALL TYPES OF BALL AND ROLLER BEARINGS: 4” BORE T0 120” OUTSIDE DIAMETER 
VERN n | : 
RS = f ’ 
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single adjustment a-c brake combines 
f what were three adjustments in one: 
i (1) spring compression to control 
torque; (2) magnet travel to control 
total shoe clearance from wheel; (3) 
auxiliary screw adjustment to equalize 
shoe clearances. Also, a visible indi- 
cator has been provided to tell when 
and how much to readjust for brake 
wear 












The new a-c brake is applicable to 
practically all a-c motor installations 
that demand start-stop operation or 
quick deceleration, such às cranes or 
machine tools. Although designed for 
normal mounting on a_ horizontal 
plane, it will operate satisfactorily re- 
gardless of the angle of the mounting 
plane. Operation of the brake is com- 
paratively simple and derives its ef- 
fectiveness from a unique linkage sys- 
tem. The brake arms are pivoted on 
fixed pins D and E, while lever ABC 
is pivoted to solid arm GEC at point C, 
and is connected to arm FDB at point 
B by a pin riding in a slot. Because 
of the geometry of the system, force 
F, presses the shoes against the wheel 
with equal pressures 

Any misalignment of the wheel cen- 
ter to the right or left of the vertical 
center line the brake causes the 
linkage to pivot about point A, but 
will not change the effect of force F, 

With the magnet de-energized, ad 
justment of the spindle raises or lowers 
the moving part of the magnet. If the 
spindle is turned counterclockwise 
until the moving part rests on the re- 
tarding bar J, any additional turning 


raises point A and frees the shoes from 
+} 
AL 
















of 












wheel for maintenance 





With the magnet energized, so that 
trunnion pin K is stationary, turn 


the 


ing the adjusting spindle increases or 
1, 





creases the amount of shoe clearance 






PRC No. 620 ts a easy-to-use 


aulking compound supplied in tape 
form. It 


t 


new, 





has a soft, moldable con 
a thread that pre 
vents stringing out or sagging when 
unrolled. Its primary application is 


that of a low cost joint sealer against 








sistency with core 







moisture, wind, dust and cold. When 
placed between two surfaces, and light 
pressure is applied, the compound dis 
tributes itself evenly throughout the 
joint. In addition, the material does 
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Redesigned A-c Brake Has Three Adjustments In One 


After a complete redesign, this new 





Adjusting Spindle 








not dry out, crack or shrink, and can 
be used at temperatures from —25 to 
250 F, and to 450 F intermittently. 
The tape comes in a variety of widths, 
and in thicknesses of +, § and $ inch. 
Products Research Co., 3126 Los Feliz 
Blvd., Los Angeles 39, Calif 

A NEW 6227 SERIES of close-tolerance, 
sub-miniature, elastomeric O-rings for 
pressure sealing has been designed to 


meet the space requirements of air 


AN 


D PARTS 


contin: od 
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pr 
Si 


Box 2099, Pittsburgh 


30, Pa 


craft, guided missiles and rockets, ai 
are now available to automotive, a\ 

tion, and machinery industries for us 
in pumps, valves, nozzles and hydraul 
applications. Made of synthetic rubb: 
compounds the molded O-rings ar 
available in three stock sizes, 0.029 11 
x 0.040 in. x 0.109 ın.; 0.070 ın 

0.040 in. x 0.150 in.; and 0.100 in 
x 0.070 in. x 0.240 in. for moving o 
nonmoving seals. Stillman Rubber Co 
5811 Marilyn Ave., Culver City, Cal 
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CLUTCH PROBLEMS for HIGH SPEED OPERATIONS! 


y M 







a 





To have perfect control on high speed 
presses operating at 450 Strokes Per Min- 
ute, clutches must disengage very quickly, 
because the elapsed time is extremely 
short between the ram at the bottom and 
at the top center. This is a major require- 
ment on 45 ton V & O High Speed Presses. 
Because Wichita 18” Low Inertia Clutches 
are the answer to this and many other 
press clutch problems .. . WICHITA 
CLUTCHES WERE SELECTED. 


In addition, the extremely fast action, of 
Wichita Clutches and Brakes, is ideal 
for inching (or jogging) and single stroke 



















operation. 






The Wichita Clutch on the press pictured 
here has been operated in excess of 100 
engagements per minute WITHOUT 
DEVELOPING ANY TROUBLE... HEAT 
INCLUDED! 










CHITA Low Inertia, Positively Ventilated 
CLUTCHES Will Eliminate: 


@ Heat Problems 













® Adjustment Problems 







è Lubrication Problems 


® Centrifugal Force Problems 






® Self Energization Problems 





sha AIN MAXIMUM EFFICIENCY FROM CLUTCH 
) it ERATION SEE YOUR NEAREST WICHITA ENGINEER 





Brehm-Lahner, Inc., Detroit, Michigan 
L. H. Fremont, Cincinnati, Ohio 
Pneumatic Power Equipment Co.. Cleveland. Ohio 

W. G. Kerr Company, Pittsburgh, Pa. 

Smith- Keser & Co., (Main Office) West Hartford, Conn 
Smith-Keser & Co., Philadelphia 44, Pa. 
Smith-Keser & Co., New York, N. Y. 

Tool & Machinery Sales Co.. Buffalo. N. Y. 

Frank W. Yarline Co., Chicago, Ii. 

Power Rig & Equipment Co., Ine., Long Beach, Calif 
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Improved Bearing Design 


Increases Capacity, Life 


1 anti-friction bearing capacity of from 25 to 

nt, and service life 2 to 34 times longer than for 

nerly possible are the two main features of a new line of 

spherical roller bearings. This performance improvement 

has been accomplished without any change in size or weight 

lhe inner race of the improved bearing is a new design 

without undercuts and integral flanges. Its capacity is in 

ised because longer rollers are used, with more effective 

ontact between rollers and rings, in the larger area pro 

led by the new design. A separate guide ring, between 

he two rows of rollers, allows them to take the position 

which their contact with the rings requires. Load distribu 
on is uniform at all times 


made 


Each row of rollers is held in a window-type cag 
of cold rolled brass. Mechanically, the cage is strong and 
well supported. Each cage centers on two large areas, one 
lirectly on the inner ring, outside of the rollers, and the 
ther on the O.D. of the guide ring 

Where combined loads are present, the improved spheri 
il bearing is capable of carrying heavier combinations of 

thrust loads, or pure thrust loads of greater 
illustration at right is a comparison of the new 
spherical inner ring, left, and that of the conven- 


right It shows how it has been redesigned 


Light-Weight Actuator Moves Heavy Loads 


loads up to 125 pounds by a uni 
t 


ity is now possible through the small 
shown in the illustration. Requiring 
spa this unit weighs only 
varying with the gear ratio 
pounds 
smallest 
at the 
most powerful motor 

: an Opposing load of 1: 


nes ot tr 


The slipping-g 


ar type clutch is an overload device whict 


et at load above 125 pounds and functions to prevent 
i to al I 


ind motor ove 


CONTINUED ON PAGI 


Product Engineering Janua 





A MESSAGE TO AMERICAN 


INDUSTRY »œ 


ONE OF A SERIES 


No Room for 
Industrial Complacency 


Do you believe that American industry is 
equipped with remarkably up-to-date and 
efficient machinery? If you do, you are mis- 
taken. The fact is that a large share of 
American industry’s equipment is ancient, 
of obsolete design and incapable of attaining 
the efficiency that is made possible by modern 
production techniques. 


This fact is documented by the Seventh 
Inventory of Metalworking Equipment, just 
completed by AMERICAN MACHINIST, a 
McGraw-Hill publication. In brief, AMERI- 
can Macurnist shows that: 


1. More than half (56%) of American 
industry’s most basic production equip- 
ment— machine tools and metal-forming 
units —is overage, and much of it is so old 
that it has very limited usefulness. 


2. Since Korea, the situation has become 
dangerously worse. 


Facts vs. Plausible Theory 


These conclusions contradict the widely-held 


impression that America’s industrial equip- 
ment is in better physical shape than ever 
before. The prevalence of this impression is 
not surprising. We, as a nation, have spent 
about $125 billion for new industrial plant 
and equipment since World War II. That is 
more than in any previous period in our his- 
tory. During 1953, American industry in- 
vested $21 billion in new plant and equip- 
ment, an all-time high. From this, it would be 
reasonable to infer that our industrial plant 
and equipment must be in fine condition. 


But the facts do not support that inference 
with respect to the machine tools and other 
metalworking equipment that are so crucial 
to our economy in war and peace. Here are 
the key findings of the AMERICAN MACHINIST 
Inventory: 


(1) More than one million machine 
tools — out of a total of less than two 
million in the metalworking industries 
—are at least ten years old. Many of 
these, after day and night operation 





during the war years and the recent 
rush to rearm, are actually much older 
production-wise than their age in years 
indicates. In most cases, these ma- 
chines are unable to produce goods as 
efficiently as modern equipment can, 
thus needlessly increasing costs. 


(2) Almost one out of five machine 
tools is more than twenty years old. 
Most of these machines are so outdated 
by modern standards that they have 
little more than scrap value. And an 
even larger portion of our metal-form- 
ing equipment (presses, brakes and 
shears, bending and straightening ma- 
chines) has passed the 20-year mark 
and is beyond normal retirement age. 


(3) Two out of three machine tools 
are of designs predating World War II, 
though many of them have been built 
since the war. Thus, two-thirds of our 
machine tools fail to incorporate the 
many major postwar improvements 
in design and operating methods. 


(4) Never before has outmoded high- 
cost equipment been so widely diffused 
throughout American industry. In 
every one of fifteen major divisions of 
metalworking production, more than 
45% of the machine tools are at least 
ten years old. 


(5) Not since the depression days of 
the 1930’s has the average age of ma- 
chine tools risen so rapidly as it has 
in the past four years. Today, 55% are 
ten years old or older, compared with 
43% just before Korea. 


Quality vs. Quantity 


Why has the condition of our metalworking 
equipment been steadily deteriorating since 
the end of World War II? Part of the explana- 
tion lies in the fact that, in the immediate 
postwar years, production of metalworking 
equipment lagged behind the production of 
industrial equipment generally. The larger 
part of the explanation, however, lies in the 
tremendous postwar expansion of the Ameri- 
can economy. This expansion, which has more 
than doubled our total industrial capacity, 
has imposed requirements for metalworking 
machinery that have been met only by more 
extensive use of old and obsolete tools. In 
the critically important field of metalwork- 
ing, the job of providing up-to-date tools is 
bigger than it ever has been. 


There are those who argue that the time 
has come to cut back investment in new in- 
dustrial plant and equipment and divert more 
of the national income into current consump- 
tion. They cite both the great increase in the 
nation’s total industrial capacity since World 
War II and the fact that some industries now 
have more than ample producing capacity 
to meet their needs. But this type of calcula- 
tion leaves out the efficiency of that produc- 
ing capacity. 


The AMERICAN MACHINIST In- 
ventory makes it manifest that in the key 
field of metalworking we are alarmingly 
short of first-rate, low-cost producing 
capacity. If we fail to remedy this situa- 
tion by speeding the replacement of ob- 
solete tools, it will be at the peril of our 
prosperity, at the peril of a sustained 
increase in our standard of living and 
of our national security. 


McGraw-Hill Publishing Company, Inc. 





Features of the MOYNO that may solve 
YOUR pumping problem 


Positive Displacement—Moynos are 
available to pull up to a 29° vacuum 
while discharging under pressure. Big 
Moynos deliver up to 250 g.p.m. at pres- 
sures to 600 p.s.i. 
Gentle—no churning; won’t break up 
semi-solids ... won't aerate liquids. 
Reversible— pumps with equal efficiency 
in either direction. 
Trouble-Free—self priming; won't cavi- 
tate or vapor-lock. Just one moving part 
no valves to stick, no pistons to gum 
up. Built for tough service. Easy to 
maintain. 


Cutaway view of small Moyno suitable for 
vashers, drink dispensers, gasoline pumps 
nd oil burners, circulating liquids, etc. As 
‘tor (1) turns, cavities (2) move toward 
nd of stator (3). Automatic shaft seal (4), 
recision ball bearings (5), drive shaft (6). 
‘lay be designed to meet your problems. 


roduct Engineering 


January, 1954 


Now... theyte even 


PUMPS Potin CHUA: 


An example showing how the versatile 
MOYNO PUMP may solve your pumping problem 


As you can imagine, any conven- 
tional pump would quickly make 
mincemeat out of potato salad! 
But not the versatile MOYNO 
Pump! In fact, this unique pump 
was the answer to a years-old 
materials handling problem in 
an Eastern food processing plant. 

Why? Because of the Moyno 
“progressing cavity” principle— 
found in no other pump. Instead 
of valves and pistons that stick, 
or vanes that cause churning and 
turbulence, the Moyno has a 
simple rotor, operating within a 
stator. The small illustration 


shows how progressing cavities 
are formed as the rotor turns. 
These cavities move along 
smoothly, without closing up or 
squeezing the material. That’s 
why Moynos carry liquids, pastes, 
solids in suspension, abrasive- 
laden slurries—almost anything 
that will go through pipe—with 
positive, non-pulsating pressure! 

Potato salad is only one of the 
many successful, dramatic appli- 
cations for Moyno Pumps. You 
may be able to save money or 
solve a problem by finding out 
more about the world’s simplest, 
most versatile pump! 


If you have a pumping application—in 
your plant or in your product— write 
today for free copy of Bulletin 30-PD 
It will give you complete facts! 


ROBBINS £ MYERS., me. 


SPRINGFIELD 99, OHIO © BRANTFORD, ONTARIO 


Fractional & Integral h.p [Electric 
Motors & Generators Fans 


Electric & Hand Moyno 
Hoists & Cranes Pumps 


z } a B 
D (F 


Propellair Industrial 
Ventilating Equipment 
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Hardness Tester Designed For Production Line 


Designed to fit directly into a conveyor system, a produc- 
tion model of the Brinell hardness testing machine has been 
— from the standard hydraulically operated direct 
reading type to speed up the testing process. Highlight of 
the new design is a roller conv eyor arranged i in conjunction 
with the anvil of the tester. The “anvil” itself consists of a 
series of hardened steel bars affixed to the lower portion 
of the machine's C” frame. Between these bars are inter- 
spersed the rollers of the conveyor, which are lowered and 
raised automatically during the testing cycle. 

The machine, designated model KDR-10X, is motor 
driven, hydraulically operated. The production cycle is as 
follows: Parts are fed to`the machine on a delivery con- 
veyor the same height as the conveyor on the tester. The 
operator rolls the part into position beneath the ball pene- 
trator and momentarily depresses the knee switch. The 
roller conveyor automatically lowers, allowing the part to 
come to rest on the “anvil” bars. Then the ball penetrator 
automatically lowers applying the load and making the 
Brinell impression. The load can be set at any point be- 
tween 3,000 and 500 Kilograms. An electric timer holds the 
load for a selected interval, (adjustable from 2 to 30 sec.) 
after which the penetrator raises, the roller conveyor raises, 
and the operator rolls the part off the machine onto another 
matching conveyor which carries it on to the next operation. 
Tests at the rate of 800 per hour are possible. 

The direct reading dial on the machine makes it unneces- 
sary for the operator to measure the diameter of the Brinell 
impression during production testing. This dial is actually 
a comparator indicator which indicates the depth of the 
impression. Two hands on the indicator are used to show 
the hard and soft limits allowed on the particular job 
being run. If, during a test, the indicator hand stops 
between the tolerance hands, the part is known to * 


within the required hardness range. Travel too far shows 
a soft part; not far enough, a hard part. 

The penetrator ram has a maximum stroke of one inch 
Parts varying as much as 4 in. in thickness may be tested 
without re-adjusting the elevating screw. 


Steel City Testing Machines, Inc., 
8817 Lyndon Ave., Detroit 21, Mich. 


Vibration Analyzer Picks Up Data From Six Points 


The model 553 vibration analyzer shown permits selective 
readings of steady state vibration phenomena from as many 
as six points on a device or machine under test, and while it 
is operating, under any simulated load or speed. 

Originally used to study vibration in jet engines, the 
analyzer is said to permit for the first time, the checking 
of vibration phenomena at full power. 

In use, as many as six seismically mounted inductive 
pickups are fastened at the points of stress to be analyzed. 

Amplitude of vibration, peak to peak displacement, is 
read directly in any of four selective ranges: 0.1, 0.01, 
0.001, and 0.0001 inch full scale. Frequency of vibration, 
in cycles per minute, is read directly in any of three ranges: 
10,000, 20,000, and 40,000 CPM full scale. 

The permanently calibrated inductive-type vibration pick- 
ups have a frequency range of from 500 to 40,000 cpm, and 
an amplitude range from 0.1 to 0.000002 inch. Sensitivity 
is 105 mv. per 0.001 inch peak-to-peak amplitude at 60 cps. 


nal Research & Devel 
168 Hosack St., C 


pment Corp., 


lumbus, Obio 
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HOW TO FILTER ACID PLATING SOLUTIONS 


Pr 


another successful product design 


with piping equipment by CRANE 


Belke Manufacturing Co., of Chicago, Ill., has an answer to the problem of 
filtering acid plating solutions. 

In the compact Belke unit, chemically inert Lucite plates inside a filter bag 
provide large surface for fast, effective filtering. All tanks and piping are rubber 
lined to nullify the corrosive action of the plating solutions. Finding valves for 
such severe service was not as difficult as you might imagine—they’re Crane 
rubber-lined diaphragm valves, regularly available. 

In your day-to-day designing, you, too, will find the piping equipment you 
want in the broad Crane line. You’ll also find that specifying goes quicker, since 
the Crane Catalog provides complete data... sizes and dimensions, tempera- 
ture and pressure ratings, plus details on materials and construction. But even 
more important, when you specify Crane, you specify quality that protects the 
value of your product. 


YOU'LL FIND IT HERE 
.. IN YOUR 
CRANE CATALOG 


THE BETTER QUALITY... BIGGER VALUE LINE...IN BRASS, STEEL, IRON 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES * FITTINGS © PIPE + PLUMBING 
Product Engineering — January, 1954 


Crane Y-Pattern Diaphragm Valves... 
preferred by so many designers for their 
safety and versatility. Crane design assures 
long diaphragm life, positive shut-off in 
case of diaphragm failure, accurate seat- 
ing, better flow control. They're easy to 
operate ...simple to maintain. Specify 
your choice of body materials, trim mate- 
rials, full linings in screwed or sliding stem 
patterns. Unlined valves available with 
screwed or flanged ends. Lined valves, 
flanged ends only. Sizes up to 6 inch. 


THRIFTY 
\ BUYER th 


HEATING 
231 
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Hydraulic Cylinders Made With Any End Design 


Steel cylinders with smooth surfaces and without taper 
are being produced by the Koldflo process in a i: 
of top and bottom variations. These properties of smooth- 
ness, hardness, strength and close tolerances are obtained 
without machining, grinding, honing or heat treating. The 
cylinders are cold extruded to final dimensions in press dies 
in sizes ranging from 1 to 6} in. in diameter. Any wall 
thickness down to 0.060 in. is possible, and larger sizes 
can be extruded up to 42 in. long. 

The cylinders are built to operate under pressures up to 
3,000 psi. The matching extruded caps can be made in 
multiple lengths so that the same dia. cylinder can be 
converted to a range of capacities by using a different cap. 

Shown is a cutaway view at right of a 3,000 psi piston 
type accumulator. These cylinders have integral bottoms 
without welding. The line drawings show cylinder varia- 
trons. 


Mullins Mfg. Corp., Wa 


», Ohio 


-ITTOotte 


Bottom 
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Project Tinkertoy Modular Design Kit 


As a quick follow-up to the Navy 
sponsored Project Tinkertoy, a modt 
lar design kit, PT-1000, is now avail 
able with all the hand tools, materials 
chemicals, module parts, and standard 
accessories necessary for the design and 
construction of modules sub 
assemblies. The only requirements 
according to the manufacturer are 
laboratory bench space; the test equip- 
ment normally available; and the PT 
1000 kit. ` 

Found in the kit are: specially de- 
signed hand tools necessary in the 


various processes, in multiple 


and 


1 } 
tuding 
wafer holder, notch paint 
printer, module assembl} 


press, socket press, curing tray, ceramic 
setters, riser trimmer, water tongs, 
screen holders, and capacitor body 
trays. Also, standard tools peculiar 
to the process such as: a silver firing 
furnace, drying oven, grinder, notch 
thinner solder pot, condenser solder 
pot, etched circuit solder pot, wax pot, 
etching trays, photo trays, soldering 
iron, film holder, photo lamps and fan. 

Among the parts and accessories 
are: an assortment of standard wafers, 
socket wafers, 7 pin and 9 pin socket 
bodies, socket connectors and hard- 
ware; enough to make over 200 mod- 
ules. Also, an assortment of 1,200 
pre-cured tape resistors with 10 per- 


cent tolerance from 10 ohms to 10 
megohms which can be readily sol- 
dered to wafers. Plus, 1,200 ceramic 
capacity bodies from 10 mmfd to 
10,000 mmfd in a variety of types. 
Among the other parts are: ample 
supplies of all necessary chemicals 
Silver paint, thinners, solvents, resist 
paints and the like; standard sereens 
prepared to print standard capacitor 
and resistor patterns, plus blank screens 
to make any specialized patterns. And 
metal clad XXP bakelite and all the 
accessories to make etched circuit pat- 
terns. 
( mmitunications Measure menis Lab., Inc., 
350 Leland Ave., Plainfield, N. J. 
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For automatic assembly or piecework 


REPUBLIC “NYLOK”™ NUTS GO ON FAST 


There is no need to turn a Republic “Nylok”’ 
Nut end-for-end to get it right-side-up. Either 
end goes on fast and easy. This advantage saves 
you man-hours. It means you can feed Republic 
““Nylok” Nuts at full production speed on your 
automatic assemblies. Or use them manually for 
piecework assembly. 


Nylon plugs keep these lock-nuts tight wherever 
you stop wrenching. Republic “Nylok” Nuts 
are easy to back-off and can be safely re-used. 


Write for samples, indicating sizes required. 


SIZES 


Light series tapped 14” thru 3%” 
Light thick series tapped 14” thru 12" 
Regular sizes tapped 14” thru 12" 
Heavy series tapped '4" thru 14° 


Here’s how the “Nylok” principle works: A nylon plug 
inserted in one of the sides of the cold-forged nut forces the nut 
tightly against the opposite threads as the nut is turned on. 


12 WAYS BETTER 
Assemble from either end No special tools 
Can be re-used One piece 
Non-galling Ideal for mechanical feeding 
Best wrenching characteristics No lubricant needed 
Won't damage threads Cold-forged 
No special know-how Lock in any position 


REPUBLIC STEEL CORPORATION 
Bolt and Nut Division + CLEVELAND 13, OHIO 
Export Department: Chrysler Building, New York 17, N.Y. 


REPUBLIC 
BOLTS AND NUTS 


*U. §. Pat. No. 2,462,603 and No. 
2,450,694 and pending applications 
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NE W 


COMPONENTS—MATERIALS AN 


PARTS 


continu. (1 


Wide Temperature Range Subminiature Capacitors 


A new series of high capacitance 
subminiature ceramic capacitors has 
been developed which maintain their 
capacitance over an extended tem- 
perature range. Between a range of 
—40 C and + 125 C, capacitance of 
the HT series will not fall below 65 
percent of room temperature value. 

Used where space or weight is at 
a premium, these capacitors may be 
obtained as small as 4 in. sq with 
thickness 0.090 in. max for a value 
of 350 mmf GMV (guaranteed mini- 
mum value at room temperature ) rated 
220 WVDC. Units can be made to 
any size square or rectangular. 

Capacitance values up to 0.04 mf, 
rated at 200 WVDC, and 0.025 mf 
rated at 500 W VDC, may be had. The 
larger values are made by stacking 
ceramic plates which maintain mini- 
mum area but increase thickness. Coat- 
ings are normally wax-impregnated 
phenolic insulation but units 0.060 in. 
thick may be had with baked enamel. 


/ 


ppppppppppppp ppg aya, 


Mucon Corp.; 


9 St. Francis Street, Newark, New Jersey 


New Interior For Hydraulic Control Valves 


As is shown in the accompanying 
cutaway view, a new interior construc- 
tion for control valves simplifies the 
valve, and permits positive positioning 
of the sealing packers without placing 
any mechanical pressure on the pack- 
ers themselves. 

The principal parts consist of a 
housing with straight through bore; 
gland nuts for the ends; a hollow 
radially ported ground and polished 
stainless steel plunger; internal spacers 
that are held in metal-to-metal end 
abutment; and two sizes of O-rings. 

In assembly, the O-rings are placed 
on the shoulders of the spacers, which 
are then inserted in the housing. Tight- 
ening the gland nuts positions the 
spacers accurately in the housing and 
holds the O-rings in position without 
subjecting them to any mechanical 
pressure. The O-ring packings are 
subjected only to the fluid pressure in 
the adjacent chambers, and are sup- 
ported on inside and outside diam- 
eters. 

This construction is said to mini- 
mize friction, and wear is practically 


eliminated. There are no lapped joints, 
and no metal to metal seating. All 
parts are in pressure balance avoiding 
any tendency to creep or crawl. Main- 
tenance is low, and under normal 
conditions consists of an occasional 
replacement of the O-packings. This 
can be accomplished in the field by 
removing the gland nuts, usually with- 
"i disturbing the connecting piping. 

Valves using this unique construc- 


tion are available in push-pull, push 
spring return, hand, foot, cam, dia- 
phragm, pilot, and single or double 
solenoid operated, with 2-way, 3-way, 
4-way or 5-way actions and either open 
or closed exhaust. They are furnished 
tapped for either § or } in. pipe con- 
nections; for use in either air or hy- 
draulic service, pressures to 125 psi, 
temperatures to 150 F, also in vacuum. 

C. B. Hunt & Sons, Inc., Salem, Ohio 
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MULTIROL CF BEARINGS 
PROVIDE POSITIVE CAM 
ACTION IN ANCHOR CUT-OUT 





Anchor Steel and Conveyor Company 
relies on Multirol Cam Follower Bear- 
ings for positive and instant operation 
of Anchor cut-out couplings. When 
dangerous overload occurs this torque 
sensitive coupling cuts power when a 
spring loaded sliding sleeve is actu- 
ated by forcing CF series bearings up 
the inclined faces of a circular cam. 
Shock load capacity and dependa- 
bility of CF series bearings combine 
to help the Anchor Company protect 
motors and machinery from damage 
due to overload. 


SJOGREN KILLERS CAST WIRE 
ON MULTIROL CF BEARINGS 


5 i a 





On Sjogren Killers for casting wire, 
Multirol CF bearings with outer races 
grooved to required wire size have 
replaced hardened steel rollers. 
Sjogren maintained required accu- 
racy at much higher casting speeds 
with minimum of grease instead of 
objectionable oil lubrication. 
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BEARING SELECTION GUIDE 
A new 140-page Bearing Selection 
Guide, complete with 30 pages of 
vital engineering data, has been 
released by the McGill Manufac- 
turing Co. Ask for Catalog No. 52. 
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Warner & Swasey Uses MULTIRDL® CF Bearings as 
STEADY REST ROLLERS ON TURRET LATHES 


The precision turning done on War- 
ner & Swasey Turret Lathes depends 
to a great extent on providing ade- 
quate, accurate and free turning sup- 
port for the work in process. The 
pressure of the cutting tool must be 
backed up on the end opposite the 
chuck so that depth of cut and con- 
centricity remains constant. 

This support is provided with tool 
holders using two Multirol Cam Fol- 
lower bearings as steady rest or bar 
turning rollers. The precision quality 
of these rolls is very important to effi- 
cient operation. Free turning rolls of 
adequate capacity will assure work 
with a smooth finish and a high de- 
gree of accuracy. 

Warner & Swasey have been using 
Multirol CF Series bearings in this 
application for over 15 years. They 
adopted the McGill bearing after find- 
ing its precision quality, resulting 
from close radial tolerances, ideal to 
help insure superior lathe perform- 
ance. 

The outer ring of Multirol CF Bear- 
ings operates on a full complement of 
small diameter rollers so the load is 
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McGILL MANUFACTURING COMPANY, 
201 N. Lafayette Street, 





evenly distributed over a greater 
bearing surface. The inner race and 
flange are made in a single piece 
with the stud, preventing any possi- 
bility of disassembly. Close tolerance 
grinding of all bearing surfaces in- 
sures greater accuracy throughout 
longer bearing life and, compared 
with plain bearings, lubrication is 
simplified and less critical. Both start- 
ing and rolling friction are reduced 
to a minimum. As a result, internal 
wear is diminished and power re- 
quirements of Multirol bearing equip- 
ped machines are cut appreciably. 


INC. 
Valparaiso, Indiana 
































































































































NEW 


Basically an ultra sensitive non-magnetic d-c relay with 
good current carrying capacity, this new electronic relay 
uses a new operating principle to provide the mechanical 
energy to open and close the contacts. Instead of the con- 
ventional electromagnetic armature, the new device called 
the Capaswitch uses a unique electrostrictive capacitive 
element (0.05 microfarad), requiring only 0.5 milliwatt- 
seconds of operating power (150 d-c v) to close the con- 
tacts, and less than 0.1 milliwatt to hold them closed. The 
electrostatic element may also be used to store small amounts 
of energy from a low-energy source until enough has been 
accumulated to operate the relay. To open the contacts, the 
voltage is removed and the electrostatic element is dis- 
charged through other circuit elements or a resistor. 

This low operating powef requirement permits the small 
current from a photo tube to operate the relay directly, 
without the use of an intermediate amplifier tube. It also 
permits a sensitive photo-multiplier-type radioactive radia- 
tion detector to be built, whereby almost zero standby 
current would be consumed. 

The input resistance of the electrostatic element is ap- 
proximately 100 megohms. Current capacity of the contacts 
is sufficient to carry many direct loads without use of addi- 
tion relay systems. Although the relay has a normal closing 
delay of approximately 10 milli-seconds it is actuated by 
electrical pulses 2s short as 10 microseconds or less. The 
unit is rated at 1 amp, 110 v, a-c non-inductive load. 

Since there is no coil to burn out, the capaswitch will 
withstand wide voltage variations. As much as 300 percent 
overvoltage may be applied to the electrostatic element 






Composition-element and wire-wound controls in a new 
line have been designed specifically for industrial, laboratory 
ind other semi-critical applications. The new series of 
controls are special versions, mechanically and electrically, 
of the series 37 composition element; 43 wire-wound, 58 
wite-wound and 10 wire-wound controls made by this 
company 

Called the C-line controls, these latest additions are of 
the factory-assembled, fixed-shaft type. They are available 
with either a 1§ in. round, nickel-plated shaft, or a $ in. 
screwdriver slot-type shaft with split locking bushing. 
Electrical tolerances are plus/minus 10 percent for compo- 
an element controls up to 100,000 ohms, and plus/minus 

) percent from 100,000 to 10 megohms. Wire- wound 
anal are within +5 percent in all ohmages. Inde- 
pendent linearity is to +1 percent for 58 ( and 10 C 
ontrols 
corrosion 
finish for case 


All exposed metal parts of the controls hav 
finishes. Terminals hav 
of soldering 


resistan suitable 


Covers are close fitting with no holes or 
cut-outs that pi rmit dust and moisture to enter J he ¢ line 
ries 37C1 and 37( 


composition element controls are 
rated 1 watt. Resistan range is from 


500 ohms to 10 
megohms. The series 43C1 and 43C2 wire-wound controls 
are rated at 2 watts ohms to 


Resistance range is from 









COMPONENTS—MATERIALS AND 


Non-Magnetic D-c Relay Has High Current Capacity 


Special Line of Wire-Wound Controls 





PARTS ... . Continued 





without damage. Heat dissipation problems are said to be 
eliminated. 

The present unit weighs only 2 oz, oe the molded 
plastic case, and measures 3} in. long, 13 in. wide, including 
maias, and 4} in. thick. The model A capaswitch is a 
SPDT relay rated at 1 ampere. 


Mullenback Electrical Mfg. Co., 
2300 E. 27th St., Los Angeles 58, Calif 





10,000 ohms. Series 58C1 and 58C2 wire-wound controls 


are rated at 3 watts. Resistance range is from 1 ohm to 
50,000 ohms. Series 1CC1 and 1CC2 wire-wound controls 
are rated 4 watts. Resistance is 75,000 and 100,000 ohms 


Clarostat Mfg. Co., Inc., Dover, N. H 
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IRVINGTON 
INSULATION DIGEST 


Thin Slot Insulation 
Will Save Space in 
Class “A” Motors 


A new type of slot insulation, spe- 
cially designed to permit reduction 
in size of motors with Class “A” 
temperature ratings, will make pos- 
sible the use of thinner slot cells 
without sacrifice of the necessary 
dielectric strength. 


. This new product of Irvington in- 
sulation research consists of a rag 
paper backing — carefully selected 
for high mechanical strength and 
ease of handling — bonded to a 
polyester film which has the ex- 
ceptionally high dielectric strength 
of 4,000 volts per mil, as compared 
with an average value of 1,200 vpm 
for the varnished cambric used in 
conventional types of Class “A” 
slot insulation. 


The dielectric strength of the poly- 
ester film (which is produced by 
du Pont under the trade name of 
Mylar) allows the use of a much 
thinner than would 
be possible with varnished cam- 
bric. Hence the over-all thickness 
of the slot insulation can be sub- 
stantially reduced, while the 
desired voltage breakdown values 
are maintained. 


cross-section 


Irvington's new thin high dielectric materials 
meet the requirements for reduced electrical 
insulation thickness 


New Class “B” Insulation Line 
Anticipates Smaller-Motor Trend 


High-Dielectric Laminations Using 4,000 vpm Film 
Stand Higher Temperatures than NEMA Standards 


Working in close cooperation with motor manufacturers, Irvington has 
been actively engaged for the past year in the development of a com- 


prehensive line of the Class “B” 


First of the new types of Class "B" insulation, 

introduced by Irvington last year, consisted of 

various thicknesses of asbestos paper and 

polyester film, bonded in duplex and triplex 

combinations. The line has now been ex- 

panded to permit limitless combinations of 
the film and other insulating materials 


Irvington Laminations 
Using Mylar Film 
'ithstand 150° C. 


The Class “B” insulating materials 
being produced by Irvington with- 
stand continuous operation at 
150° C. because of the use of an 
adhesive specifically developed by 
Irvington for this purpose. 

The used 
clusively in Irvington’s own manu- 
facturing processes, bonds Mylar 


adhesive. which is ex- 


du Pont’s high-dielectric polyester 
film—to any of the other com- 


monly used insulating materials. 
This Irvington adhesive is not af- 
fected by any of the solvents in the 
majority of varnishes 
used for impregnating windings. 


insulating 


insulation which will be required in 
the design of the smaller frame sizes. 


The first members of this new in- 
sulation line, introduced last year 
by Irvington, consisted of du Pont’s 
Mylar, a polyester film with a di- 
electric strength of 4,000 vpm, 
laminated to specially selected 
asbestos papers. A study of the 
industry's requirements, however, 
disclosed that laminations of Mylar 
with other types of insulating ma- 
terials would be needed to meet 
design and service problems. 
Among the many 
already developed are: 


combinations 
' Mylar 
bonded to pure asbestos, plain or 
saturated; Mylar bonded to asbes- 
tos in which glass fibers have been 
inlaid for greater mechanical 
strength; Mylar and Fiberglas.* 


Temperature Safety Factor 

While rated as Class “B” insula- 
tions, the products in this new 
Irvington line actually exceed the 
temperature limitation standards 
set by NEMA. Test data indicate 
that these laminations, bonded 
with adhesive developed by Irving- 
ton, will successfully withstand 
temperatures up to 150° C. 


In addition to operating at the 
higher temperatures resulting from 
the smaller frame sizes. these new 
insulations have the advantage of 
permitting thinner insulations 
without sacrifice of electrical 
breakdown characteristics. 


Their ability to withstand higher 
temperatures and to provide high 
dielectric strength in relatively thin 
sections will permit substantial 
savings in size, weight and cost 
in transformers and voltage regu- 
lators. 


"TM Reg U.S 
Fiberglas Corp 


Patent Office 


WHILE LAMINATED INSULATIONS INCORPORATING THIS NEW 4,000 VPM POLYESTER FILM ARE NOT EXPECTED TO BE AVAILABLE IN 
QUANTITY BEFORE THE MIDDLE OF NEXT YEAR, IRVINGTON IS INTERESTED IN WORKING OUT WITH YOU A PROGRAM THAT WILL MEET 


YOUR INSULATION REQUIREMENTS. 


FOR FURTHER INFORMATION, ADDRESS THE SALES MANAGER, COATING DIVISION, IRVINGTON 


VARNISH & INSULATOR, DIV. MINNESOTA MINING & MANUFACTURING CO., 10 ARGYLE TERRACE, IRVINGTON 11, NEW JERSEY, 
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Small Servo Motors For Control 


Shown in the illustration is a line 
of servo motors, with the smallest the 
size of a penny. Characteristics of this 
unit are: weight, 1.45 oz; rotor inertia, 
0.46 gm-cm*; no load speed, 6,500 
rpm; stall torque, 0.3 oz-in.; max out- 
put 0.490 w. Voltage is 26 v; fre- 
quency 400 cycles. 

The motor in the center is in a size 
15 frame, operating on 115 v, 60 
cycles. Weight is 7.3 oz; rotor inertia, 
3.03 gm-cm?; theoretical acceleration, 
33,800 rad/sec?; no load speed, 3,300 
rpm; stall torque, 1.45 oz-in. 

The unit at the left is a 6 watt motor 
in a size 23 frame. Weight is 1.6 lb; 
rotor inertia, 20 gm-cm?; acceleration 
26,500 rad/sec?; no load speed is 
3,500 rpm; stall torque 7.5 oz-in. 


Ketay Mfg. Corp., 
555 Broadway, New York 12, N. Y. 


Snap-Action, Heavy Duty Pushbutton 


Consisting of two 2-point units, 
each with one normally open and one 
normally closed contact, this main- 
tained-contact heavy-duty snap-action 
over-center toggle pushbutton unit is 
a permanently assembled unit. 

Although basically a 4-point unit, 
the pushbutton’s continuous and inter- 
rupting ampere rating is the same as 
the siai Diki unit: 10 amp con- 
tinuous, 50 amp maximum interrupt- 
ing at 110 v a-c and two amperes 
maximum interrupting at 125 v d-c. 
By making proper connections, the 
pushbutton can be used for 3-point ap- 
plications, or it can be used for 2-point 
service by applying 4 of the unit. 

Positive action of the unit is pos- 
sible by the over-center toggle that 
mechanically interlocks the buttons. 


A NEW LINE OF GEAR BOXES with 
concentric input and output shafts has 
been designed with the gear housing 
mounted in trunnion bearings. For 
high torque applications, these bear- 
ings are of the roller bearing type, 
and for high speed units the trunnion 
bearings are of the hydrostatic type 
with an oil system independent of 
the main gear oil system with pumps 


Westinghouse Electric Corp., P. O. Box 2099, Pittsburgh 30, Pa. 


to give up to 1,000 ee These 
gear boxes are made for speeds from 
1,750 to 60,000 rpm up to 800 hp., 
and gear ratios from 1 to 1 up to 20 
to 1. Universal Gear Corp., 19th and 
Martindale Ave., Indianapolis 7, Ind. 


NEW MINIATURE HYSTERESIS-SYN- 
CHRONOUS MOTORS for 400 cps appli- 
cations are well adapted for power, 


servo, or timing applications and are 
available with a two or four pole wind- 
ing for 24,000 or 12,000 rpm. The 
motors measure 1} in. in dia by 2} in. 
long. The motors are adaptable to use 
as gear system drives for airborne 
equipment, small fan or blower 
wheels. Weight is 6 ounces. Globe 
Industries, Inc., 1784 Stanley Ave., 
Dayton 4, Ohio. 
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OSTUCO 
TUBING 


OSTUCO 
TUBING 
is versatile! 


is versatile! 


OSTUCO 
TUBING 
is versatile! 


OSTUCO 
TUBING 
is versatile! 


There’s practically no limit 

to the things OsSTUCO can do 

with Seamless and Electric 

Welded Steel Tubing to help 
you produce lighter, stronger, better looking 
products at lower cost. Only a few of the op- 
erations are shown above. 

Newly expanded and modernized facilities 
for manufacturing, forging, and fabricating 
tubing, all in one plant — plus our own steel 
source as a member of the Copperweld family 


—speed deliveries, assure highest quality and 
save you money. 

Tubing is our business, not a side line. 
OsTuco’s unique “Single Source” operation, 
with unified production control, eliminates 
shipments from one location to another... 
greatly reduces rejects . 
puts an end to buck passing and red tape. You 
write one order, get one bill, and responsibility 
is clearly fixed. Write for informative catalog, 
“Ostuco Tubing.” 


.. prevents errors... 


OHIO SEAMLESS TUBE DIVISION 


From Your Blueprint to Your Product 


of Copperweld Steel Company 


Manufacturers and Fabricators of Seamless and Electric Welded Stee! Tubing 


OSTUCO TUBING 


SALES OFFICES: Birminghom, P. O. Box 202! * 


Citizens Bidg 


Kennedy Bidg 
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* Dayton, 511 Salem Ave. * Detroit, 520 W. Eight Mile Rd 
Central Park * Los Angeles, Suite-300-170 So. Beverly Drive, Beverly Hills * Moline, 617 15th St 
70 East 45th St. © Philodeiphia, 2004 Packard Bidg., 
St. Louis, 1230 North Main St 
® Wichito, 622 E. Third St 
EXPORT: COPPERWELD STEEL INTERNATIONAL COMPANY 


Plant and General Offices: SHELBY, OHIO 


Ra 


Pitts hae CTTI 


hicago, Civic Opera Bidg N. Wacker Or. * Cleveland 328 
Ferndale * Houston, 6833 Avenue W, 
* New York, 
15th & Chestnut © Pittsburgh, 1206 Pinewood Drive 
© Seattle, 3104 Smith Tower * Syracuse, 2350 Bellevue Ave. * Tulso, 245 
* Conodion Representative: Railwoy & Power Corp., Ltd 


117 Liberty Street, New York 6, N. ¥ 
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Zone Hardened Bearings 
With Extended 


Double Race 


The manufacture of zone hardened ball bearing units 
with double extended race now includes an additional 
process for induction heat treating the inner race ring, 
through the ball path section only. Since the extended 
portions of the race remain unaffected, the hardened threads 
of the set screws are able to bind against the soft threads, 
of the race for positive race to shaft locking. The double 
extension of the inner race ring affords maximum support 
of bearing on shaft, and guarantees a positive lock between 
the inner race of the bearing and the shaft. 

This positive lock is said to reduce shaft wear and fret- 
ting corrosion. As a direct result, machine down time is 
reduced, since bearings can be easily removed for replace- 
ment and shafting is not worn and corroded beyond re- 
quired tolerance for new bearing fit. Shock and vibration 
resistance are increased since most of the inner race remains 
relatively soft and tough. 

Zone hardening is accomplished by completely automatic 
induction heating and high speed oil quenching. This is 
said to result in a metallurgical structure much finer than 
that achieved by conventional heat treating. In addition, 
since timing is controlled, uniformity of structure for each 
unit is assured. These factors contribute directly to better 
load carrying capacity and longer fatigue life. tephens-Adamson Mfg. Co., 274 Ridgeway Ave., Aurora, Ill 


New Line of Miniature Roller Bearings 


Miniature roller bearings are now available in three types 
and seven sizes from 0.4724 in. to 1.0236 in. OD. Identi- 
fied as RMB types N, NU, and NP, they are said to be the 
first miniature roller bearings commercially available in this 
country. 

All three types are suitable for use in all kinds of appa 
ratus, machines, motors, and the like, where shafts are sub 
jected to heavy radial loads. In addition, all three types 
permit some axial displacement of the shaft, which means 
peedier assemblies, since the bearings need not be located 
precisely. 

In these new type roller bearings, the roller assembly 
s retained by a snap-ring on the inner race and a section 
of the shield at the outer race. This method of construction 

liminates the necessity of a lip on either raceway, and 
permits the production of a perfectly cylindrical race, and 
a superfine finish on the rolling surfac 

Type N permits free axial displacement of the shaft, and 
easy removal of the shaft, inner race and roller cage asa the shaft axially, provided the axial stresses are slight. 
unit. In type NU the inner race remains on the shaft and Types N and NP carry removable dust shields. Also avail- 
the outer race, the rollers and the roller cage may able from this co.apany is a line of aa sealed ball 
removed as a unit bearings in eleven sizes up to 0.8661 in. O.D. 

In type NP (illustrated), the outer and inner races a 


ssembled. This bearing permits location of Landis & Gyr, Inc., 45 W. 45th St., New York 36, N. Y. 
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pick the stainless 
that fits best 


When selecting stainless steel be sure you pick the correct 
type for your particular application. For some grades 
resist corrosion better . . . others have superior heat resis- 
tant properties. Some are easier to machine . . . still others 
can be more readily formed or welded. 

In every case there is a grade of Crucible REZISTAL 
Stainless Steel that is best suited to the job. And to help 
our customers select the type that will provide the best 
service for the lowest cost, we make available all the design, 
metallurgical, fabricating and application data we have 
accumulated in our years of stainless steel experience with 
many different industries. 

Our staff of field representatives brings you the benefit 
of our vast technical resources. And the quality of 
REZISTAL Stainless Steel sheets, strip, plates, bars, wire, 
forgings, castings and tubing produced in our modern 
integrated mills is unsurpassed in the industry. When you 
have an application for stainless, call Crucible. 


first name in special purpose steels 


54 years of Fine steelmaking STAINLESS STEEL 


RUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


STAINLESS * REX HIGH SPEED * TOOL * ALLOY * MACHINERY * SPECIAL PURPOSE STEELS 
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continue 


Manifold Mount Valves in 2, 3, and 4-Way Types 


Any one of a line of 2, 3 and 4-way type valves of $, $, 
§ or 4 NPT size is now available in a new manifold design. 
Advantages of the new design are: elimination of pipe or 
hose connections; occ upies less space ; and improves appear- 
ance. 

Mounting of the valve is accomplished by drilling holes 
corresponding to the ports in the base of the valve in a 
smooth falt surface of the manifold, and then bolting the 
valve in place. O-ring seals are between the valve and the 
mounting surface and assure a tight seal. 

Included in the range of actuating devices available for 
use on the manifold valve are: hand, foot, cam, pilot, 
solenoid, all with spring return or spring center, or return 
by the same or different actuating device. For example, 
a 4-way type may be cam actuated, pilot return and spring 
centered. Another example is the pilot actuated manifold 
valve, in which the pilot inlets are prepared for manifold 
mounting. 

The 4-way, } NPT size with pilot actuation and spring 
return measures length, 6/4 in; height, 1§ in.; width, 2 
inches. All internal parts are interchangeable in the 
2-, 3- and 4-way types. The valves can be serviced or 
disassembled without disturbing pipe connections with only 
a screw driver. 


, Inc., 249 Scholes St., Brooklyn, N. Y. 


Sensitive Integrating Motor For Control 


An integrating motor so sensitive to minute sources of 
power it will run on the battery-like. chemical energy of a 
lemon, has been designed for use as an integrating force to 
effect “intelligent” response of gyro components in guided 
missile control systems, or aircraft auto pilots. 

The integrating motor has an acceleration time constant 
of 0.003 second, and torque-to-inertia ratios of the order 
of 10* to 10° seconds?. Weighing 1.3 pounds, the unit is 
3g in. long by 24 in. in diameter. Model 120 has a power 
sensitivity of 0.1 microwatts, and a current sensitivity of 
0.02 ma. Minimum starting voltage is 0.005 v. It is fitted 
with a precision gear train and a 5 watt potentiometer. Spe- 
cial output mechanism are built and installed. 

The tiny motor is now being used as a component of the 
all-weather autopilot, the model 97 rate integrating detector, 
and for automatic control systems for guided missiles 


Summers Gyr Santa Monica, Calif. 


DESIGNED SPECIFICALLY FOR a rate of- 


turntable, a precision device for cali- 
brating rate gyros and accelerometers, 
a new 115 v, 50 cycle, single phase, 
180 rpm synchronous motor eliminates 
any belt-and-pulley or gear reduction 


systems. The motor switch may be re- 


versed instantly; however, the com- 
plete stop-start cycle is programmed. 
Twelve seconds are required to reach 
full synchronous speed; eight seconds 
to stop. The motor is energized with 
direct current in the synchronous run 
condition and the resulting torque is in 


excess of fifty inch pounds. Output 
from the constant speed motor to the 
24 in. cast aluminum table is infinitely 
variable through a ball-disk integrator 
drive from 0.01 to 1,200 deg per sec- 
ond. Genisco, Inc., 2233 Federal Ave., 
Los Angeles 64, Calif. 
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q What makes a 


of bearing supply for your 


. . . it?s management that is sensitive to 
your problems and requirements . . . it’s 
enterprising research . . . it’s resourceful 
engineering . . . it’s dependable production 
. .. it’s a record of over 50 years’ growth 
through conscientious service. Your inquiry 


— is invited. 


This useful reference catalog on all types of sleeve 
bearings, bushings, precision bronze parts, washers and 
spacer tubes is sent free, on your letterhead request. 


FEDERA| 
or : } E Par: = 


FEDERAL-MOGUL CORP., 11043 SHOEMAKER, DETROIT 13, MICH, 


or i i 
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Guarantees Longer Life 











Only PITTSBURGH Armored Gears cre 
made according to the exclusive PITTSBURGH 
formula which covers a proven combination 
of metal, machining, AND heat-treating. It is 
not enough to use tool steel, which often will 
not stand shock loads. PITTSBURGH selects the 
best metal for the particular gear body, 
then machines it, and heat-treats the wear- 
ing surfaces to give ultimate life. 
























































This process gives you gears that have 
tough, ductile cores, and teeth that wear 
almost interminably. PITTSBURGH Armored 
Gears are guaranteed to give five times 























the life of untreated gears, one to one and 








one-half times the life of oil-treated gears, 
and equal or longer life than any other gear 
in identical service. You can identify them 
by their "Pittsburgh Purple” corrosion pre- 
ventive coating. 
































You'll never know how good PITTSBURGH 
Armored Gears are until you try them. 

















Send us your specifications or give us details 








of service requirements so that we can make 








recommendations. 

















Neville Island 


COMPANY | Pittsburgh 25, Pa. 





l 


subsidiary of BRAD FOOTE GEAR WORKS, INC. + CICERO 50, ILLINOIS 














ITTSBURGH GEAR Process 






Trademark 
Registered 
U.S. Patent Office 


SPUR 

MITRE 

HELICAL 
HERRINGBONE 
WORM GEARS 


REDUCERS 


CRANE WHEELS 





PITTSBURGH GEAR 


Phone: SPaulding 1-4600 


New Parts and Materials. . 


Right Angle Drives 
With Explosion-Proof 
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Motor 


For locations where dangerous 
fumes, inflammable gases, explosiv: 
substances or combustible dusts may 
exist, the new right-angle Syncrogear 
with an explosion-proof, 3-phase a-c 
motor is available in 1 hp rating with 
speeds from 45 to 155 rpm. Called th: 
type SESV-GW, the explosion-proof 
motor is designed to comply with spec 
ifications for Class I—Group D, and 
Class I1I—Groups F and G service. 

This right-angle unit incorporates a 
cantilever design to protect gear align- 
ment. Mounting stresses are absorbed 
by the one-piece base, freeing the gear 
and motor housing of distortion. Other 
features are splash lubrication, a hard- 
ened and ground worm, normalized 
castings, and asbestos-protected wind 
ings. 

U. S. Electrical Motors, Inc 
Box 2058, Terminal Annex 


Los Angeles 54, Calif 


Radiant Heating Element 
For Industrial Use 


General applications of a new elec 
tric radiant heating element include a 
wide variety of uses, such as baking, 
curing, drying, plasticizing and other 
heat processing where temperatures of 
400 to 500 F are required. On appli- 
cations such as heat treating, carburiz- 
ing, and the like, where higher tem 
peratures are required, heaters with 
ratings up to 1,600 F can be supplied 

According to the manufacturer, a 
single heating unit consists of a fused 
quartz tube, 48 in. long, in which is 
encased a heavy duty nickel-alloy heat 
ing element. The element is completely 
sealed and supported its full length 
inside the rigid quartz body and can 
not sag, warp or stretch and cause 
short circuiting. The fused-quartz tube 
is acid-proof, and vapors cannot enter 
and deposit carbons that might result 
in shorts and heater failure. Each 
heating clement has an individual 
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Why you can 
reduce rejection losses 


with a Kodak Conju-Gage 


Gear Checker 


Why the composite check 


In practice, the final test of gear quality is how the gear works in use. The composite 
check recommended in American Standard B6.11-1951 shows this conclusively by 
measuring displacement of the gear when run against a master of known accuracy. And 
it does it in one quick operation that checks combinations of as many as six types of 
errors. 


Why the Conju-Gage Gear Checker 


Since displacement represents the sum of both gear error and error in the master, the 
accuracy of the master used determines the precision of the composite check. The Kodak 
Conju-Gage Gear Checker uses a master of exceptional accuracy, the Conju-Gage Worm 
Section. Produced by thread grinding, its accuracy is not limited by the same manufac- 
turing processes which limit accuracy in the gear itself. 

To settle for masters of lesser accuracy is to rob yourself of “tenths’’—to chance that 
tolerable error in a gear may coincide with error in the master to cause a needless re- 
jection. Or that intolerable error in a gear may be cancelled by error in the master to 
pass a gear that will fail in use. 

To reject every wrong gear is to guard the quality of your product. To pass every 
right gear is to reduce such rejection losses to a minimum. 

To find out more about how a Kodak Conju-Gage Gear Checker can lower costs 
while maintaining required precision, send for your copy of the booklet, “Kodak Conju- 
Gage Gear Testing Principle.’ Write to 


Special Products Sales Division 
EASTMAN KODAK COMPANY, Rochester 4, N.Y. 


CONJU-GAGE : 


++. new way fo check gear precision in action 


To inspect all kinds of complex parts on a bright screen, Kodak also makes 
two highly versatile contour projectors. 
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INSTRUMENTATION 


The Kodak Conju-Gage Gear 
Checker automatically records the 
composite effects of runout, base 
pitch error, tooth thickness varia- 
tions, profile error, lead error, 
ond lateral runout. Illustrated is 
the Kodak Conju-Gage Geor 
Checker, Model 8U, for gears up 
to 8%" pitch diameter. Smaller 
models are also available. 





Complete 


DATA? 


CATALOG 523-A. Air- 
damped Barrymounts 
for shock and vibration 
protection of military 
airborne equipment. 


BULLETIN 532. Vibra- 
tion isolator Type 915, 
for isolating vibration 
and noise caused by 
high-speed motors or 
motor-driven equip- 
ment 


BULLETIN 533. Me- 
dium-impact shock ma- 
chine Type 150-400 
VD, for qualification 
and acceptance shock 
tests up to 77g. 
BULLETIN 534. Series 
M44 ALL-METL vibra- 
tion isolators and Series 
TOMA mounting bases, 
for military airborne 
equipment under ex- 
treme operating condi- 
tions 


BULLETIN 535. Com- 
ponent shock machine 
Type 20 VI, for quali- 
fication and acceptance 
shock tests up to 210g 


“LOOK — NO LAGGING!" 
Increasing profits through the 
use of the new Leveling Barry- 
mount for industrial machinery 


BULLETIN 536. Series 
M64 ALL-METL vibra- 
tion isolators and Series 
AOMA and NOMA 
mounting bases, for mil- 
itary airborne equip- 
ment under extreme 
operating conditions 


BULLETIN 537. Séries 
262/633 vibration iso- 
lators, for isolating vi- 
bration and noise caused 
by medium-speed mo- 
tors or motor-driven 
machinery. 


BULLETIN 538. Series 
670/297 shock and vi- 
bration isolators, for iso- 
lating shock caused by 
impact-type machines, 
and vibration and noise 
caused by heavy rotating 
or reciprocating 
machines 


Here are complete engineering data, application information, and pointers 
to profits in every field of shock and vibration isolation. Write TODAY 
for your free copies of the ones you need 


„BARRY o 


730 PLEASANT ST., 


Ationto Boitimore Chicogo Cievelond Bolles 


SALES REPRESENTATIVES IN 


WATERTOWN 72, MASSACHUSETTS 


Doytos Detrelt Los Angeles Minseapolis New York 


Philedeiphic Phoenix Rochester St. Losit Son Prancisce Seottie Torente Washington 





stainless steel reflector. Radiant heater 
panels and assemblies are made up 
from multiples of these units. Capaci- 
ties of individual units range from 100 
to 1,000 watts per linear foot. 

The heaters are available in single 
units or multiple sections with various 
panel arrangements for complete oven 
assemblies. 

Cleveland Process Co., 1965 East 57th St., 
Cleveland 3, Obio 


Reference Voltage Supply 
For Variable Speed 
Motor Drives 


While designed primarily as a refer- 
ence voltage for variable speed motor 
drives and d-c servo systems, this con- 
stant reference voltage unit, which 
converts a-c to d-c supply can be used 
to replace standard cells, wet or dry 
cells, and more extensive electronic 
regulating systems. The voltage will 
remain constant within § of 1 percent. 

When connected to a 115 v supply 
(50 to 400 cycles), the unit will sup- 
ply a reference potential adjustable 
from zero to approximately 87 v and 
will maintain any desired voltage. This 
reference voltage is maintained with 
any load not exceeding 1 milliampere 
and throughout a temperature range of 
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Here ts another heavy Steel- Weld Fabricated piece produced 
and machined to specifications by Mahon. This and the parts 
and assemblies illustrated at the left are typical of thov- 
sands of Steel-Weld Fabricated units produced and 
machined by The R. C. Mahon Company for hundreds of 
manufacturers of machine tools and other types of heavy 
mechanical equipment. If parts of your product could be pro- 
duced to better advantage through Steel-Weld Fabrication, 
or, if you require large, heavy pieces where pattern costs 
and the time element are a consideration, you can turn to 
Mahon with complete confidence . .. personnel and facilities 
are available within the Mahon plant to do the complete job 
from drawing board to finished machining. You will find in 
the Mahon organization a unique source with complete ultra- 
modern fabricating, machining and handling facilities to cope 
with any type of work regardless of size or weight ... a 
source where skillful designing and advanced fabricating 
technique are supplemented by craftsmanship which assures 
a smoother, finer appearing job embodying every advan- 
tage of Steel-Weld Fabrication. See Mahon’s Insert in 
Sweet's Product Design File, or write for further information. 


Tee Bi Cech OO COREANI 


DETROIT 34, MICHIGAN 
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LEBANON S 


mCastings 
are at work 


es up a wind as high as 120 mph is the job of Elliott Company’s 
Single-Stage Centrifugal Blowers. In these blowers the “tornado- 
builder” is a one-piece, open type, radial-bladed impeller—a Lebanon 
CIRCLE D casting engineered to withstand unusual service conditions. 

These Elliott Blowers are widely used by the Chemical (particularly 
in sulphuric acid plants), Power, Refining and Gas industries where they 
run continuously, 24 hours a day. Such difficult service requires excellence 
of product design and manufacture, for a stopped blower can mean a 
plant shut-down. That Lebanon CIRCLE © castings are specified by 
Elliott is recognition, we believe, of the superior workmanship that is 
traditional with Lebanon Steel Foundry craftsmen. 

See—STEEL WITH A THOUSAND QUALITIES—37-min.. 16 mm, 
full-color, sound film on the making of steel castings. For information 
write: Dept. C, Lebanon Steel Foundry. 


f~ 


LEBANON ASTings 


AND STAINLESS STEEL 


New Parts and Materials continue. 


—50 to + 40 C, with line voltag 
changes from 90 to 135 volts. 

In addition to the high-stability re/ 
erence voltage, the unit will supply th 
following voltages for external usc 
model St-501-1, 275 v unregulated 
not exceeding 5 ma; model St-501-3 
150 v +2 v regulated, not exceedin; 
6.3 v a-c, with center-tap, at a curren: 
not exceeding 0.6 amperes. The devic 
is available as a plug-in unit for . 
standard 8-pin octal socket. 


Servo-Tek Products Co., Inc 
1086 Goffle Rd., Hawthorne, N. |] 


Small Motor Has 
Compact Gear Train 


This model SP-6 shaded pole induc 
tion motor with a compact gear trai: 
measures 4} in. x 24 in. x 2 in. over 
all, and is geared to 6 rpm with a 
torque of 20 in.-pounds. It operates 
on 110 v a-c, 50-60 cycles only. Other 


models are available from 1 rpm to 
1,155 rpm. Stators and rotors can be 
furnished separately for inclusion in 
special castings or complete motors 
without gear trains. Applications in- 
clude actuators, moving displays, dis- 
pensers, vending machines, and simi- 
lar devices. 
General Die & Stamping Co., 
262 Mott St., New York 12, N. Y. 


Armored Cable Protects 
Small Tubing 


The Armored Multitube, shown in 
illustration, offers a new way to make 
savings on moderate to long runs of 
numbers of 4 in. and smaller tubes for 
use with instruments and process con- 
trol equipment. 

The Multitube, an armored group of 
long length tubes twisted together, 
permits bending without any distortion 
on the tubes. They are protected from 
injury during and after installation by 
a flexible interlocked galvanized steel 
armor. One tube in each layer has a 
bright blue color, which permits a 
ready identification of each tube at 
both ends. This is a time saving fea- 
ture as both ends can be connected 
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screw-ball clamp| 


Ball Beating Construction 
Insures Frictionless 
Automatic Angle n 
Adjustment and Rotation A aa 


USE STANDARD HEX KEY FOR WRENCH 


SPECIFICATIONS 


3 ELIMINATES DAMAGE AND MARRING...which occurs when 
the ordinary holding pad is not at 90° to clamped surface. 


4 GREATER EFFECTIVE AREA ...The SCREW-BALL CLAMP auto- 
matically adjusts itself to distribute uniform pressure on work 
over entire pad area at all times. 


ROTATIONAL AND AXIAL FREEDOM a highly polished 


5/16-18 ae 1 |.167 | .240 | steel ball provides almost frictionless bearing surface for both 
5/16-18 oe | 1% | .167 | .240 | rotation and oscillation. 

5/16-18 5/32} 2 | .167 | .240 | SINGLE UNIT CONSTRUCTION . . . Pad will pass through 
3/8-16 |3/16 tapped hole from either end. Saves costly installation time. 
pene fate) Leia Ideal for cramped interiors. Universally adaptable for all types 
3/8-16 | 3/16] 1% | -205 | -293 | 3340 of tate wank 

3/8-16 |3/16 3340 

re eee HEX SOCKET END...permits full utilization of screw length 
}1/2-13 | 1/4 | 1% | .283 | .400 | 7300 and minimizes projection interference — uses standard Hex 


SC-347 | 1/2-13 1/4 |2 | .283] .400 | 7300 Key for wrench which simplifies pressure adjustments. 
SC-351 | 5/8-11 5/16] 2 | 326] .506| 11700 | ECONOMICAL ...screw portion machined from heat-treated 


j alloy steel for long life and high strength. Rust-proofed to pre- 
SALL THREADS ARE NATIONAL COURSE — CLASS 2 FIT vent deterioration in stock or freezing in fixtures — may be re- 


used again and again. Contact surface of pad is of sufficiently 
soft material to prevent marring work. 


MEEA E 


4552 BEVERLY BOULEVARD 
LOS ANGELES 4, CALIFORNIA 


ii ba a O 


TORQUE THUMB SCREWS + SPRING PLUNGERS * SPRING STOPS + FIXTURE KEYS * TOGGLE PADS 



































































How Helps 


Benton Harbor Engineering Works 
Put the in Lift Trucks 


Three G&K-INTERNATIONAL packings are installed in the Hydraulic 
Hoist Cylinder . . . the heart of the lifting mechanism. A special im- 
pregnated leather U packing with synthetic rubber filler ring is installed 
on a backing plate in the piston head. This insures smooth operation 
and positive sealing at all pressures for load positioning and holding. 
Two O-Ring static seals prevent leakage at mechanical joints. 
The tilting mechanism uses double-acting hydraulic cylinders with 
G&K-INTERNATIONAL leather U packings installed opposed in 
the piston heads. 


G&K-INTERNATIONAL is ready to supply your needs in leather 
U's, V’s, Flanges and Cups impregnated and/or coated to meet the 


requirements of fluid and service — also synthetic rubber packings 
of all types, including O-Rings. 

































































Write for G&K-INTERNATIONAL Catalog and Manual 201A . . . con- 
taining 60 pages of up-to-date data. See latest JIC and recommended 
sizes for cups, flanges, U’s, V’s, O-Rings — also facts on oil seals and 
specialties. 


Ta 
(2 à 
y 3 
N 
poa 
GRATON 


GRATON & KNIGHT COMPANY, Worcester, Massachusetts 
INTERNATIONAL PACKINGS CORPORATION, Bristo’, N. H. 


au LEATHER—SYNTHETIC RUBBER 


baad continue | 





without the necessity of tracing 
through each tube. The position of 
each tube in each layer, with respect to 
the color coated tube in that layer, re- 
mains the same throughout any length 
of armored tube. 

Two to nineteen tubes in } in. OD 


| copper and aluminum are available in 


Í 


| 
| 
| 
| 
| 


long continuous lengths up to 1,000 
feet. Tubes are available in copper, 
aluminum, polyethylene and other 
plastics. 

Crescent Insulated Wire & Cable Co., 
Trenton, N. J. 


Explosion-proof Midget 
2-way and 3-way 
Solenoid Valves 


Midget 2-way and 3-way solenoid 
valves are available in a new line to 
include types with explosion-proof 
solenoids, suitable for Class I, Group 
D hazardous locations. Solenoid enclo- 
sures are of cast iron, with $ in. 
threaded conduit connections. Conduit 
boxes can be revolved 360 degrees. 

Two-way valves are available nor- 
mally closed for shut-off, adjustable 
main flow, and adjustable by-pass serv- 
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MOTORS FANS 
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ECTRIC 


APPLIANCES 


WORDS BY THE 
MILE...ON METAL 


The history of tomorrow is being chroni- 
cled today on the pages of America’s 
great newspapers. Speed and precision 
work hand in hand to bring you up-to- 
the-minute news in accurately set easy- 
to-read type. 


Progress has been the constant and con- 
tinuing objective of typesetting machine 
manufacturers since their inception, in 
1901. Emerson-Electric was selected to 
pioneer in the powering of these early 
machines and over the years has kept pace 
with the newest developments. 


Your product, too, can benefit from Emer- 
son-Electric’s 63 years of motor manu- 
facturing experience. We specialize in 
building dependable motors in ratings 
from 1/20 to 5 h.p., and hermetic motors 
from 1/8 to 20 h.p. Your inquiry is 
invited. 


THE EMERSON ELECTRIC MFG. CO. 
ST. LOUIS 21, MO. 


EMERSON - ELECTRIC’S unique 


7 SERVICE 


solves your power problems 


Our engineers are eager to work with yours in 
designing and providing the correct motor for 
contemplated new or improved appliances 
or equipment. ““TWIN-GINEERING” 
saves costly engineering ‘back-tracking,” and 
may suggest short cuts and product improvement. 
Write today for Bulletin No. 466. 










New Parts and Materials. ..... 


ice; also for normally open shut-o! 
duty. This valve is compact, being on! 
3 in. high and 2} in. in overall width 
Pipe sizes are § and } inch. Orific 
diameters are yy, 3, x's; and #y in 
with the maximum pressure for th 
a-c model being 300, 130, 90 and 6 
psi respectively. For the d-c mode! 
the maximum pressures are 250, 70 
50 and 30 psi respectively. The bod) 
materials are brass or stainless steel 

Three-way universal type- valves 
shown in the illustration may be ap 
plied to any three-way valving require 
ment regardless of the direction of 
low or points of application of pres- 
sure. The standard valve, without any 
change of springs or other adjust- 
ments, is suitable for any type of threc 
way control oo is valve is 


also compact, being only 3% in. high 
and 2} in. in overall width. This 
æ valve is available in the 3 in. size only, 
with orifice diameter of y and 


inch. Maximum pressures for the a-c 




































With its low working temperature of 1145° F, and d-c 7 are 125 and 50 psi 
É Kg respectively. 

EASY FLO 45 is just what the doctor ordered for E lasd voltages M itan dis 

joining thin gauge metals. It brazes them without or 230 a-c, 60 cycles and 115 v d-c. 

danger of damage from overheating. The low flow Automatic Switch Co., 


“ k $ 391 Lakeside Ave., Orange, N. J. 
point also cuts a big chunk off heating costs. N T J 































And here are more good reasons why this silver Low-Ampere Circuit Breakers here are 
brazing alloy is so widely used for joining thin For Aircraft Instrument nits, fror 
gauge metals. EASY-FLO 45 is exceptionally free Protection spre 
flowing. Because of this it penetrates into and over pee 

8 oan i pe X A Me The D6755-1 and D6756-1 circuit True to 

the entire joint area the instant its low flow point is breakers in ratings of 3, } and 1 amp, line 6 

reached. Results—high strength, liquid and gas tight are completely sealed and were espe- sign, be 
joints—joints so clean they seldom need finishing. cially designed for the protection of vailable 

x a Oe the power supply in aircraft instrument ep 

Here’s a sample — a directional coupler from the Geceite, The 106755-1 chews ot the ~ e 
. , > w Ny ightwei 

line of microwave test equipment made by the left, is the manual reset, non-indicating an 

Polytechnic Research & Development Co. Inc., type and the D6756-1 at right, is the They 

kl a automatic reset version. Because of ; 

Brooklyn, N. Y. their small size, two of the D6755-1 quipmer 

will fit in the same mounting space earest d 

a required by one AN type push-pull bly sur 

circuit breaker. The D6756-1 with its Power— 

end mounting requires a slightly larger hat’s be 

space, but space saving mounting mod- facturir 

ifications are possible. ind mal 

The actuating element in these install 

Curved and straight sections of rectangular brass tubing dealer o1 

ere brazed along a common side wall and flanges are parts av 


attached with 1/16” EASY-FLO 45 wire. Bodies are fin- 
ished with baked gray enamel and flanges are nickel 
plated. The clean EASY-FLO 45 joints greatly facilitate 
finishing 


dustrial | 


GET FULL EASY-FLO 45 DETAUS IN BULLETIN 20--- 


Write today for a free copy. 







Wy a WA OFFICES ond PLANTS 
Trl e2:8@6PORT CONN | 
ey HANDY & HARMAN mu | 
m Ciavelane. Ono 
AOAR eveL ano. or | i 
General Offices: 82 Fulton $t., New York 38, N. Y. ak aan aie | HOR! 
DISTRIBUTORS IN PRINCIPAL CITIES eowsata. eanane 
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here are ten Chrysler Industrial Engines and Power 
hits, from 217 cubic inches to 413 cubic inches dis- 
lacement. All of them operate with gasoline, natural 
ns or L-P gas fuels. 
True to the Chrysler tradition, these engines, both 
nline 6 and V-8, are among the most advanced 
esign, best engineered and most powerful engines 
vailable today in their power ranges. Yet, thanks to 
amed Chrysler Research, they are constructed of 
ightweight, highly alloyed steels and allow amazing 
orsepower to weight ratios. 
They are, therefore, ideal engines for most any 
quipment, regardless of size or silhouette. Let our 
earest dealer give you more details, you'll be agree- 
bly surprised to know how inexpensive Chrysler 
ower—equipped to meet your specifications—is . 
hat’s because Chrysler production facilities and man- 
facturing know-how allow us to custom-equip engines 
nd make them available at mass-production prices. 
Install Chrysler with confidence. Our nationwide 
ealer organization assures you good service and fast 
parts availability. If you prefer, write us: Dept. 51, 
dustrial Engine Division, Chrysler Corporation, Trenton, Michigan. 


"HRVSLER 


Industrial Engines 






Chrysler Industrial Model 16 Engine, 
265 Cubic Inches Displacement. 







Chrysler Open Power Units include the 
complete engine, skid base, radiator 
and grille, instruments and instrument 
and flywheel housing. 
(Pictured is V-8 Open Power Unit, 
which also includes a twenty-five gal- 
lon fuel tank.) 









Street Paving Machine 
powered with Chrysler 
Industrial Engine 
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One-Half Yard Shovel 
powered with Chrysler 
Industrial Engine 


oo 
x 


Chrysler Industrial Model 20 V-8 En- 
gine, 331 Cubic Inches Displacement. 


Chrysler Enclosed Power Units 
have the complete engine, in- 
struments, instrument panel, skid 
base, fuel tank, radiator and 
grille, as well as fully enclosing 
sheet metal—side panels and 
hood top panel. 


Farm Combine 
powered with Chrysler 
Industrial Engine. 


Fork Truck 
powered with Chrysler 
Industrial Engine. 
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| New Parts and Materials continue! 


breakers is a snap acting disk whic! 
ha a positive make and breal 

ey will withstand a shock of ove: 
25g’s and a vibration frequency of 1 
to 55 cycles per second with a tota 
excursion of 0.06 inches. 


Metals & Controls Cor} 
Spencer Thermostat Div., Attleboro, Ma: 


Adjustable Fasteners 
For Equipment 


Adjustable pawl fasteners, for quar 
ter-turn closure or opening of hinged 
doors and panels on machinery and 
w ment, are now offered in a family 
of three sizes and three head styles 
meeting the requirements for most ma 
chine and electronic oe 

Quick, simple installation, freedom 
from precision adjustment, and ready 
adaptation to any door or frame thick- 
ness are some of the features of this 
fastener. 

Two types of pawl adjustment are 
provided: the adjustable pawl, which 


ag 


tightens or loosens contact with the 
door jamb with an additional turn or 
two on the head as desired, and the 
fixed pawl, pre-set at installation to 
the desired contact gap and tension. 

Knurled knob and T-Bar-style heads 
are offered for hand operation of the 
fastener, and a slotted flush head is 
made for screwdriver operation. A 
gasket, making the fastener watertight, 
it also provided where needed. 


South Chester Corp., 
Southco Div., Lester, Pa. 


Heavy Duty, Quiet 
Action Pneumatic 
Vibrators 


Heavy duty, quiet action, non- 
impacting vibrators designed to make 
inert bulk materials flow freely without 
the noise produced by the impacting 
type vibrators, are said to specifically 
help to reduce processing time by vi- 
brating bins, chutes, hoppers and 
screens to prevent arching, clogging or 
sticking of materials. In addition, they 
eliminate air pockets and voids in 
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It is easy for the big 6600-pound land- 
ing gear we build for the B-36 bomber 
to absorb the impact of the 180-ton 
aircraft as it lands at 100 miles an hour. 


Unfolding the gear for a landing is eased 
by a small shock absorber which gently 
cushions the knee of the big shock 
absorber (aircraft landing gears are just 
big shock absorbers). This restrains 
the knee from “slamming home” (as 
engineers term it) when it locks. 


keeps a shock absorber from being shocked 


If you are plagued by severe shock in 
machines or apparatus you build, or if 
tiny flutter in your device tends to build 
up into large destructive waves, it will 
pay you to talk with us. Some vibration 
and impact problems are so complex 
that they require shock absorbers to 
cushion the shock absorber. But we 
believe no impact problem is so complex 
that it can’t be solved. Write for descrip- 


tive booklet D-11. 


Cleveland Pneumatic To MOVE with less EFFORT 


Tool Company CLEVELAND 5, OHIO | 
—_ — =) 
Department E-1 


BALL-SCREW ACTUATORS © AUTOMOTIVE SHOP EQUIPMENT 
AIR-OlL IMPACT ABSORBERS 


World's Largest Manufacturer of Aircraft Landing Gears 


Combining the screw with balls makes Cleveland 
Pneumatic’s patented ball-screw actuator drive 
with as little as 10% friction .. . compared to as 
much as 50% for ordinary screw drives. You can 
cut the weight of a drive system, reduce its space, 
lessen its cum bersomeness, increase its control 
accuracy, a pro êj tp to g. 


r our 
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Address all communication 


256 


RUBBER-TO-METAL BONDED PARTS 


Contents 
e APPLICATIONS 
e PROCEDURES 
e DESIGN 
e COMPOUNDING 
e PROCESSES 


e BOND STRENGTH 
RATINGS 


PROCESS COMPANY 


5 


AA 


e INFORMATIVE 
e AUTHORITATIVE 


The answer to that troublesome problem may 
be a rubber-to-metal bonded part which com- 
bines the best properties of metal and rubber 
in one bonded unit to obtain strength, tough- 
ness and resiliency, shock and vibration ab- 
sorption, sound abatement, electrical insulation, 
corrosion and abrasion resistance, etc. 

Detailed information concerning this modern adhesion proc- 


ess is contained in the Acushnet brochure “Rubber-To-Metal 
Bonded Parts”, a helpful guide available upon request. 


Acushnet's specialization in this field involves 
the adhesion of rubber or synthetic rubber to 
metal in molds designed to accommodate the 
metal ports and which, in addition to bonding 
the rubber material to the metal, form and 
vulcanize the rubber in the same operation. 


As adhesion can be obtained on 
most metals, this process provides 
the design engineer with another 
method to simplify design, reduce 
costs and improve performance. 


s to 768 Believille Ave., New Bedford, Mass. 


New Parts and Materials 


< 


form and increase carrying Capacity 
of containers. 

in operation, the vibrating action of 
the vibrator is achieved by a piston 
which reciprocates. in a cylindrical pas- 
sage by introducirlg compressed air to 
the opposite ends of the cylinder. 


| Simultaneously, tze spent air at the 
| opposite is exhausted from the cylin- 
| der. The cycle is’ automatic and pro- 
| duces as high as 5,000 vibrations per 


minute. The self-contained super- 
charging design is said to increase the 
effective operating air pressure from 
30 to 60 percent above supply pressure 
resulting in a 110 percent bonus of 
vibration power output. The design 
also prevents destructive metal-to-metal 
pounding, broken bolts and end plates. 

The cast alloy bodies are mated with 
hard chromed pistons to give long life 
The vibrators are available in a wid: 
range of sizes with capacities to move 
bulk materials up to 30 tons. 


Vibron Div., Burgess-Stergentz Corp., 
3790 W. 150th St., Cleveland 11, Obio 


All Metal 
Vibration Isolators 


All metal vibration isolators, de- 
signed to absorb vibrations both ver- 
tically and horizontally are available in 
three different sizes: size 1 for light 


| loads, such as instruments and other 
| vibration-sensitive devices; size 2 for 
| medium loads, like panels, cabinets or 


boxes housing electronic equipment; 
size 3 for heavier loads, such as gaso- 
line-driven compressor units, auxiliary 
power plants and the like. Each mount 
is stamped with its load rating in 
pounds. Fifteen G shocks can be sus- 
tained without damage and the equip 
ment is kept captive up to 30 G's. 
Basic elements of the mount are a 
tubular core attached by springs, either 
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New Parts and Materials. ... . . continued 


Lo ee 








to a square mounting plate, or to a 


- Mest Complete Line of cin Rods, teas, circular mounting cup. The springs 


are arranged to form two opposed 


Within th f 5 
Tubing, Bars, Cylinders, Fabricated Parts are two flosting meial stampings hei 





by an internal compression 
Profit from our broad experience and completely modern special- ee — 
spring. 

ized facilities for rapid, low-cost production of these fluorocarbon. This damper spring keeps amplitud 

“wonder” plastics. | within safe limits at resonant frequen 

| cies. Overload and shock condition: 

The Soon dielectrics, especially for = seventy. high temper- | are met by heavy rebound washers, 
ature ectronic service. Chemically inert and non-contaminating, | fastened to each end of the tubular I 

immune to all acids, caustics and solvents excepting molten sodi- | core. Radial and axial spring rates ar: 

um and fluorine. Tough, resilient, extremely anti-hesive—ideal for | the same. Shown is the circular mount 

anti-friction and other mechanical uses—these “wonder” plastics | ing, above, and the square plat 

open new avenues of progress to the design engineer. | mounting, below. 

7 ; | The Ucinite 
Whatever your requirements, whether for stock or for custom Div. United-Carr eea C A 
machined or molded parts, your inquiry will receive prompt | Newtonville, Ma 

` attention. Write for Bulletins No. 300 and 500. | 
H dind A ai | Waterproof Molded 
its tetrafiuoroethylene M. W. Kellogg Co 


Plunger Switch 


This waterproof switch is said tc 
have many advantages; all working 
| parts are completely waterproofed 
there is no external mechanism: fail 
ures due to corrosion, sticking, break 
age or interference with other machin 
ery, are eliminated; the small rubber 
plunger shown in the illustration can 
be fabricated in accordance with speci 
fications of individual customers; and 
overtravel is an inherent characteristi 
of this plunger 

The bracket shown in the illustra 








Y : 
UNITED rLuorocarson COS 
STATES | PRODUCTS DIVISION 
GASKET CAMDEN 1, NEW JERSEY 


Representatives in Principal 


COMPANY Cities Throughout the World 
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tes are 
nount- 
plate 
MC ZINC AND ALUMINUM DIE CASTINGS 
Cort 
, Ma 

The three castings illustrated are made in the same die 

£ 

Provision for the changeable die parts must be 
om included in the original die design. Expert die making is 
yrking i 
ofed also involved, but the end results of this type of pre-planning 
» fail- 

: represent substantial savings in many instances. 

break ‘ 
achin- 
ubber p 
Ean Madison-Kipp is skilled and seasoned in die casting 
speci- i n 

mechanics and invites your inquiries for cooperative eftort. 
> and 4 1 
eristic 
ustra 


& + MADISON-KIPP CORPORATION 
206 WAUBESA STREET, MADISON 10, WISCONSIN, U.S.A 





© Skilled in Die Casting Mechanics @ Experienced in Lubrication Engineering @ Originators of Really High Speed Air Tools 
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TO BE KNOWN 
BY THE COMPANY 
WE KEEP! 


GENERAL Q ELECTRIC - 


Used Laminum Shims for 20 years 


Used Laminum Shims 
for 15 years 


of orain 


Used Laminum shims for 25 years 


Used Laminum shims ior 37 years 


“cess: WORTHINGTON 
Sais 


for 29 years 
Used Laminum shims for 24 years 


Ingersoll-Rand 


Used Laminum shims 
for 25 years 


Used Laminum Shims 
for 20 years 


LANDIS TOOL 


Used Laminum Shims 
for 20 years 





Used Laminum shims for 20 years 


1 for free catalog 


Here are a few of our older 
No obligation, 


customers who with hundreds 
of other ompanies use 
foolproof, accurate Laminated 
Shim method to gain exact fit 
ana save time assembly 
and at the same time gain a 
built-in’) adjustr 

ice wear. Get tl 

find out why 

leaders specity 


Laminated Shims! 


SHIM HEADQUARTERS 
SINCE 1913 


e 
Check our Stampings Division 
— for short run or 


high production stampings. 


O COMPANY, INC. O 


1401 UNION STREET © GLENBROOK, CONNECTICUT 
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New Parts and Materials. .... . contin, 


tion is of one piece construction. 
parts can fail to operate, and there 
no bolts or nuts to corrode and ca 
failure in switch operation. Th 
mounting unit of stainless steel | 
no corners to catch dirt, oil and dus: 
The new switch is available in SPs 

or SPDT contact configurations, and 
the waterproof covering can be made 
of any type material including vinyl, 
neoprene or silicone. Bracket is adapt- 
able to various types of mounting. 


Control Products, | 
306 Sussex St., Harrison, N 


Miniature Permanent 
Magnet Motor 


A new miniature permanent magnet 
motor or generator said to have th 
greatest power output for its size 
smaller than a standard pack of ciga 
rettes and offers horsepower rating 
from 0.004 to 0.0165, speeds fron 
2,000 to 20,000 rpm, with total 
weights from 3.5 to 9 ounces. The 
new motor is made with its mag- 
netic structure cast into an aluminum 
housing. 

The line-up indices are machined to 
fit directly into the field structure bore 
so a uniform air gap between field and 
armature is assured. Stainless steel 
shaft, rotor and commutator diameters 
are precision ground to maintain per- 
fect concentricity. 

In its basic construction, the new 
motor conforms to JAN specifications 
for minimum weight, low current cor 


2 


sumption and high efficiency. Optional 
features are: water-tight and explo 
sion-proof housing, fungicided arma 
ture, noise filter, speed governor and 
gear reducer. Voltage range is 6 to 
110 d-c. Commutator is 14 bar, with 
35 bar type available for special appli- 
cations. 

Used as a generator, the miniature 
unit at 6,000 rpm has a watts output 
range from 1.5 to 8. Motor-generator 
combinations can also be supplied to 
meet varying requirements. 

I Pioneer Electric & Research Corp., 
Forest Park, Ill. 
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Janu 
A 


CAL 


Atim 


MEETINGS 


January 11-15 


SOCIETY OF AUTOMOTIVE ENGI- 
neERS—Annual Meeting and Display, 
Sheraton-Cadillac Hotel and Hotel 
Statler, Detroit, Mich. 


January 18-22 

AMERICAN INSTITUTE OF ELECTRI- 
CAL ENGINEERS—Wéinter General 
Meeting, Statler Hotel, New York, | 
N. Y. 
January 22 

MALLEABLE FOUNDERS’ SOCIETY 
General Society Meeting, Hotel Cleve 
land, Cleveland, Ohio 


January 25-27 

AMERICAN SOCIETY OF HEATING 
AND VENTILATING ENGINEERS—An 
nual Meeting, Rice Hotel, Houston 
Texas. 
January 25-29 

INSTITUTE OF THE AERONAUTICAL 


ScIENCES—Annual Meeting, Hotel 
Astor, New York 


January 27-29 
SOCIETY OF PLASTICS ENGINEERS 
International Plastics Conference, 
Royal York Hotel, Toronto, Ontario, 
Canada. 


February 3-5 
SOCIETY OF THE PLASTICS INDUS 


rrY—Reinforced Plastics Conference, 
Edgewater Beach Hotel, Chicago, III 


February 4 


INSTRUMENT SOCIETY OF AMERICA 


Annual Regional Conference, Hotel 
Statler, New York 


February 4-6 

INSTITUTE OF RADIO ENGINEERS— 
Southwestern Conference and Elec- 
tronics Show, Hotel Tulsa, Tulsa, 
Okla. 


} 


February 11-1 
WESTERN COMPUTER CONFER 
NcE—Annual Conference and Ex 
bassador Hotel, Los Ange les, 


Society OF AUTOMOTIVE ENGI 
r Car, Body and Ma 
rials Meeting, Hotel Statler, Detroit, 
Mich 


VEERS— Passeng 
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Twin Disc Hydra 


graph í 


Dealer. 


TWIN DISC CLUTCH COMPANY, Racine, Wisconsin 


r Authorized 


And here they are . . . count ‘em! 


Twin Dise Spring-Loaded Clutch on Inter- 
national-powered LeRoi Compressor (1). 


Twin Disc Friction Power Take-Offs on Cum- 
mins-powered Bay City Shovel (2); Cater- 
pillar-powered Universal Jaw Crusher (3) 
and Universal Hammer Mill (4); and on 
Minneapolis-Moline-powered Pioneer 


Roll Crusher (5). 


Twin Dise HYDRO-SHEAVE® Drives on 
Stoneridge-built horizontal conveyor (8); 
Simplicity Vibrating Screen (9); Pioneer 
Vibrating Screen (10); and Stoneridge- 
built Conveyor (11). 


Twin Dise Hydraulic Coupling on Hercules- 
powered generator plant (12). 


Twin Disc Friction Clutches (two each) on 
Nelson P-10 Loader (6, 7; not shown); 
and Nelson P-11 Loader (13, 14). 


* HYDRAULIC DIVISION, Rockford, Ilineis 


CRAMCHES: CLEVELAND + DALLAS + DETROIT + LOS ANGELES + NEWARE +» MEW ORLEANS + SEATTLE «+ TULSA 
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HARD RUBBER PARTS 


FOR HIGH TEMPERATURES 


TEMPRON, a new synthetic hard rubber, now makes the 
ical resistance, strength, and economy of hard rubber avail- 
for high-temperature applications! It is stable and rigid up to 
deg. F. and higher, and shows remarkable resistance to many 
emicals when tested at 200 deg. F. 


Based on nitrile synthetic rubber (Buna-N), Tempron is avail- 
ble in three forms: (1) Molded parts, (2) sheet, rod and tubes, 
or machining a wide variety of shapes; and, (3) a hand-fabricat- 

ing process for making tanks, large fittings, etc., by forming sheets 
of Tempron around cores or mandrels prior to vulcanization. 
Standard pipe and fittings are also made. 


The table below tells the story — high tensile on a par with the 
better plastics — a chance to save weight — good impact strength 
— good dielectric properties — excellent chemical, oil and moisture 
resistance — and ability to withstand high temperatures without 
loss of mechanical strength. 

Let your imagination loose on these typical applications: molded 
parts for hot jobs; special fittings for corrosives; transformer insu- 
lation; brine and gasoline meter parts; trays for vacuum dryers; 
plating barrels; hot brine systems; tubing for electrical condensers, 
magneto parts. 

Do you make anything that might be improved by Ace 
Tempron? Why not look into it? Let us know and we'll be glad to 
help. No obligation, of course. 


PROPERTIES 


PHYSICAL 
Tensile Str., psi. 
ens Elongation, % 


ELECTRICAL Specific Gravity 
ta aise = ardness—Durometer D 


Impact, ft—Ilbs./in. 


UMA ee Flexural Str., psi. 


Dielectric Str., v/mil, 60 cyc. 
Power Factor, 1 kc. 

Dielectric Constant, 1 kc. ë 
Water Absorption, (48 hrs. R.T.%) 
Heat Distortion Temp., deg. F. 


"7 AMERICAN HARD RUBBER COMPANY 
93 WORTH STREET >e NEW YORK 13, N. Y. 


Catalogs 


and 
Bulletins 


Request additional information using 
postcards following page 224 


(1) PRECISION METAL FORM. 
ING—C. B. Kaupp & Sons. Booklet, 
16 pp. Shows process and illustrates 
types of products made by deep draw. 
ing, spinning, hydroforming, stamp- 
ing, and punching. In hydroforming, 
gages include sheets from 0.010 in. 
thickness up to 3 inch. Lists metals 
adaptable to spinning. 


(2) SERVO VALVES—The Moog 
Valve Co., Inc. Bulletin 500, 4 pp. 
Has data on the model 500 valve 
series, a line of proportional-type, elec- 
trically actuated, hydraulic 4-way 
valves featuring high dynamic per- 
formance. Will control any output 
flow from 0.5 to 8.0 gpm in systems of 
from 1,000 to 3,000 psi. Data cover 
application, design, and specifications. 
Also has cutaway view and perform- 
ance curves. 


(3) SHELL MOLDING—Durez 
Plastics & Chemicals, Inc. Booklet, 
36 pp. Titled, “A Guide to Shell 
Molding,” it discusses in detail the 
method, materials, and equipment used. 
It also deals with many common prob- 
lems encountered, and suggests possi- 
ble causes as well as solutions. 


(4) AIR & HYDRAULIC CYLIN- 
DERS—Lindberg Engineering Co. 
Bulletin 800. Describes the standard 
line of heavy duty air and hydraulic 
cylinders along with the features of 
each. Data on large, special custom 
built heavy duty air and hydraulic 
cylinders are also included. 


(5) HYDRAULIC PUMPS—The 
N. Y. Air Brake Co. Bulletin DP-300, 
8 pp. Points out features and gives se- 
lection data for the complete line of 
dual-vane hydraulic pumps. Includes 
technical drawings, cutaway views, and 
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Catalogs and Bulletins continued 


performance data charts to illustrate A Message to Production and Design Engineers 


the features of the pumps. These sin- 
gle-stage, vane type pumps permit con- 
tinuous Operation at pressures up to 
2,000 psi. 


(6) ELECTRONIC COMPONENTS 
—Stackpole Carbon Co. Catalog RC-9, 
56 pp. Has helpful information on a 
line of fixed and variable composition 
resistors, line and slide switches, fixed 
composition capacitors, powered iron 
cores, molded coil forms, and ferro- 
magnetic cores. Has complete electri- 
cal and mechanical specifications, di- 
mensions, and application data. 

IRM 

oklet, (7) POWER TRANSMISSION 

trates PRODUCTS—Lovejoy Flexible Cou- 

draw- pling Co. Bulletin, 8 pp. Has photos, 

amp- complete specifications and selection 

ning, information for a line of flexible cou- 


0 in. plings with load ratings from fractional 

retals to over 800 hp. Also has equivalent € UT COST 
data for variable speed pulleys and | 
transmissions, and universal joints. es 

Moog The pulleys are made in horsepowers STOLL Parts Precision CE 

É pp. from } to 8 with speed ratios up to a 

valve 3 to 1, infinitely variable. The trans- ' microcast 

ec- missions in ratings from $ to 5 hp, | 

-way with speed ratios up to 10 to 1. The 
universal joints in sizes from 4 to 4 in., 
with hp up to 207. 


(8) ROTARY SEALS—The Rotary 
Seal Co. Booklet 2.552, 12 pp. Con- 
tains the basic principles of design, 
showing the construction and functions 
of the component parts of the seal. 


wad i The MICROCAST Process of investment casting offers a flexi- 
Some typical applications are illus- 


i bility in meeting design problems not possible in the past 
klet, trated. Rotary seal assemblies range without pyramiding costs. Small parts may be designed and 
Shell in size from 0.187 to 5.5 inches. | Microcast for economical production eliminating such opera- 

the ; | tions as broaching, contour milling, grooving, and slotting. 
ised (9) FLUID POWER EQUIPMENT Intricate shapes, having sound structure and surface smooth- 
rob- —The Oilgear Co. Bulletin 10051-C, ness, can be Microcast with such dimensional uniformity that 
12 pp. Illustrates and describes a com- little or no machining is required. Write for illustrated book- 

plete line of fluid power pumps, mo- let and also complete information. New Microcast color movie 


tors, transmissions, cylinders, and available for your showing. 
valves. Features variable and constant 


delivery pumps for operation at higher 
speeds, a line of small (1 hp) variable 
pumps, and a new line of constant de- 
livery duplex pumps for pressures up 
to 5,000 psi. Has many cross-sectional | 
views, photos, and specification charts. 


(10) PLUG-IN UNIT CONSTRUC. | 
TION—Alden Products Co. Hand- 
book for 1954. Called, “Ideas-Tech- | 


niques-Designs,” this handbook out- 5 EO 
lines plug-in design principles, and | MICROCAST DIVISION, Austenal Laboratories, Inc. appa i 
provides a simple method for engi- | 224 E. 39th Street, New York 16, N. Y. ai aliaaet 
neers to incorporate them into their | 7001 South Chicago Avenue, Chicago 37, Ill. 
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SPACEMAKER AIR C 





catalog SM 454 6h 

























AIR AND 
HYDRAULIC CYLINDERS 
catalog 43 and H-47 : 


Off shelf delivery all styles to 
” bore in increments of 1” 
to 12” stroke. 






























Let T-) performance help you save labor and 
reduce costs in your plant today! You'll find T-J 
products soundly engineered and ruggedly 
built for tough jobs in a wide range of appli- 
cations. 



































For efficient power movement in pushing, pull- 
ing or lifting—up to 50,000 lb.—T-] Air and 
Hydraulic Cylinders with new Super Cushion 
and space-saving features! For high production 
in rivet-setting, T-) Rivitors with automatic 
feeding and setting .. . air or electric power. 
For setting clinch nuts in automotive body 
panels, door locks and other products . . . T-J 
Clinchors! For more work between grinds in 
tough die steel—T-J Cutters! For accurate, 
automatic control of presses, brakes, other ma- 
chines and equipment .. . T-J Air Controls! To 
cut replacement costs in half ...T-J Reamers 
with interchangeable heads! 

































































Get T-J all the way for tough jobs! Send for 
latest catalogs. The Tomkins-Johnson Co., 
Jackson, Mich. 
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designs. Has new data and plan: ing 
sheets on plug-in packages and 
chassis for unitizing equipment 
giving it 30 second interchangeab | ity 
Improvements and newer compon: nts 
for indicating and monitoring op ra 
tion of electronic equipment with | ny 
tell-tales are described. 








(11) SELF-ALIGNING = SWIVE! 
JOINTS—Barco Mfg. Co. Catalog 
265-A, 12 pp. Engineering data, possi 
ble application data, piping arrang 

ments, and photos and cross-sectional 
views of different types of joints arc 
included. Construction permits rota 
tion plus side flexing in any direction 
up to 10 degrees, Fourteen styles and 
8 sizes from } to 2 in. for temperatures 
from —50 to 600 F, and pressures 
from vacuum to 600 psi steam or 3,000 
psi hydraulic. 


(12) CONTROL KNOBS—Raytheon 
Mfg. Co. Bulletin DL-K-100B, 8 pp. 
Has illustrations and data covering a 
line of standard control knobs for elec- 
trical and electronic equipment. Has 
5 basic sizes and 6 functional styles 
These are: round, skirted round, dial 
skirted round, pointer, skirted pointer, 
and crank knob. 


(13) HEAVY DUTY LATCHES 
Simmonds Aerocessories, Inc. Portfo 
lio. Contains full scale drawings and 
data sheets on 18 different heavy duty 
structural latches for aeronautical and 
industrial use. A cowling latch, tested 
for loads up to 7,500 Ib, and an access 
latch for loads up to 3,000 Ib are some 
of the types conforming to military 
specifications. 


(14) SPLIT ROLLER BEARINGS 

The Cooper Split Roller Bearings 
Corp. Bulletin, 18 pp. Illustrates and 
gives all engineering data on a line otf 
split roller bearings available in the 
expansion or floating type, and the 
fixed or grooved-race type. Has the 
medium series in 1,4; to 12 in. bore 
and radial loads up to 35,900 Ib; the 
heavy series in 1}} to 12 in. bore and 
loads to 62,300 lb; and the extra 
heavy series in 34%; to 12 in. bore and 
loads to 108,400 Ibs. Has lubricatior 
hints, and bearing selection data. 


(15) HARDENING STAINLESS 
STEEL—C. U. Scott & Son, Inc. Book 
let, 64 pp. Describes a process called 
super Scottsonizing, a method of hard 
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Catalogs and Bulletins 


ening precision stainless steel parts that 
will be subjected to excessive wear. 
Hardening to an estimated 2,000 
Brinell is claimed, with the size vary- 
ing less than $ of 1/10,000 of an inch. 


(16) CONTROL TRANSFORMERS 
—Acme Electric Corp. Booklet MTC- 
194, 4 pp. Data on a new line of ma- 
chine tool control transformers de- 
signed to compensate for the inductive, 
low power factor characteristics of con- 
tractors, relays, solenoids, and switches. 
Charts give specifications and dimen- 
sions, and sets of curves may be used 
to determine the requirements of any 
application under 575,460 or 230 pri 
mary voltages. 


(17) ELECTRONIC EQUIPMENT 

-Westinghouse Electric Corp. Book- 
let B-6093, 16 pp. A summary of 
equipment available for use in the elec 
tronics industry, the booklet gives de 
scriptions, applications, and operating 
ranges for such equipment as surge 
comparison testers, portable balancers 
and vibrographs, magnetic amplifiers, 
transistors, capacitors, relays, and oth- 
ers. Also has information on such 
semi-finished material as transformers 
cores and magnetic materials and al 
loys. 


(18) ETHYL CELLULOSE COAT- 
INGS—Hercules Powder Co. Booklet 
500-199, 14 pp. Explains the use of 
ethyl cellulose in specialty coatings, 
and shows how the unusual proper ties 
can be used in coatings for surfaces as 
polystyrene, rubber, metal, wood, and 
paper. It is also being used as the 
base of liquid adhesives, strippable 


protective coatings, and gel lacquers. 


(19) INTRICATE SPRINGS—The 
Peck Spring Co Booklet 2500, 6 pp 
Has design data on small extension 
ind compression type springs in sizes 
up to 0.156 in. wire, in shapes includ- 
ng tapered, cone, combination tapered 
ind straight sections, concave, convex, 
plus special ends and loops. Also cov- 
fs torsion springs up to wire size 
1.080 in., and a line of slide forms 
ind flat springs. Has line drawings 
ind photos of all types, plus a set of 
urves to aid in specifying correct 
pring 


20) FLUID CONTROL COMPO 
NENTS—Hoke Inc. Catalog 2, 66 pp. 


Contains a complete listing of line of 
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WHEELER= 


A 


pv ¥ \ 


COMMUNICATIONS 
EQUIPMENT 
TRANSFORMERS 


6wH52 MAKES THESE PRODUCTS A Specialtg 
THE WHEELER INSULATED WIRE COMPANY, INC. 


Division of The Sperry Corp. 


1103 EAST AURORA ST., WATERBURY 20, CONN. 
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© REDLINE JOUNTS | 


Send for a copy 
of BULLETIN 300 


WORLDWIDE 
- SALES 
and SERVICE 


JOINTS 


Up to 507% 
power Savings | 


powcr DESIGNERS and plant engineers 
throughout the country have been quick to 


T recognize the ADVANTAGES offered by Barco’s 


new improved Type IBR Revolving Joint for 
service on drum type dryers, coating rolls, 
calenders, mixing drums, clutches, chucks, chill 
rolls, sanforizers, and other rotating machinery: 


@ Free-Floating, Low Torque Installations. 
@ Up to 50% Power Savings. 


@ Better Temperature Control where steam is used 
for heating rolls. 


@ Low Maintenance; No Adjusting. 
@ Ability to Withstand Vibration and Hard Usage. 
@ All Parts Easily Accessible. 


Barco builds a complete line of revolving joints 
for steam, water, air, oil, gas, and hydraulic serv- 
ice. Sizes $” to 2” and special to 5”. Pressures 
to 250 psi, steam, or 1000 psi, hydraulic. Speeds 
to 2500 rpm. Barco Engineers are at your serv- 
ice; ask for recommendations. BARCO MAN- 
UFACTURING CO., 527B Hough St., Bar- 
rington, Illinois. In Canada: The Holden Co., 


BARCO 


THE ONLY TRULY COMPLETE LINE OF FLEXIBLE 
BALL, SWIVEL, SWING AND REVOLVING JOINTS 





Catalogs and Bulletins... . continuc 
small valves, including: needle valve 
toggle valves; packless valves; speci 
purpose; needle valve controls; pre 
sure regulators; accessories and fitting 
cylinders; and flo-gages. Has many i 
lustrations, line drawings, cross-si 
tional views, flow curves for air an 
water, and complete specifications f: 


all types. 


(21) PERFORATED METALS 
Diamond Mfg. Co. Catalog 39, 36 pi 
Illustrates and describes a complet 
line of round, square, oblong, and 
ornamental perforation, ranging fron 
0.02 to 9.5 in. in diameter. Gives hol 
sizes, open areas, gage limits, and other 
data for engineers and designers. Als 
illustrates modern industrial, archite 
tural and ornamental applications. 


(22) SILICON CARBIDE FACTS 
The Carborundum Co. Booklet, 52 pp 
Informative data on silicon carbide, its 
many properties, electrical resistivity, 
and temperature characteristics. Also 
covers: grain preparation, products, 
bonded and coated abrasives, refrac- 
tories, resistors, metallurgical uses, and 
miscellaneous products. 


(23) AIR VALVES AND CLAMPS 
—The A. K. Allen Co. Bulletin, 8 pp. 
Contains informative data on 2, 3, 
and 4-way air valves available for 
cam, hand, or foot operation, and pilot 
timer 3-way or 4-way valves. Also has 
information on: a diaphragm operated 
hold down clamp, which develops a 
force 4 times the line pressure; a side 
clamp with the same features; and a 
knockout clamp. Has photos and line 
drawings of each model. 


(24) CLAD METALS — Superior 
Steel Corp. Booklet, 24 pp. Titled 
“An Introduction to Clad Metals,” it 
is a comprehensive survey of the man- 
ufacture and applications of the stain- 
less, copper, brass, and other clad 
steels. Points covered are: principles 
of bonding, characteristics of clad 
metals, methods of cladding, and ap- 
plications. Contains many illustrations. 


(25) LINE TYPE PURIFIERS—The 
V. D. Anderson Co. Bulletin 201, 
4 pp. Discusses the removal of: mois- 
ture and scale in steam; oil, dirt, con- 
densate from exhaust steam; conden 
sate from air lines; dirt and line scal 
from steam in food processing opera- 
tions. Has charts to simplify the selec- 
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ilso 


rac- 
ind 


tion of purifier for the best efficiency 
at various flows and pressures. Also 
contains installation diagrams, and 
steam and air flow curves. 


| 


(26) CERAMIC CAPACITORS — 
Centralab. Five Technical Bulletins, 
16 pp. Has information on special 
types of ceramic capacitors. Those 
covered are: single and dual BC desk | 
capacitors; five types in single and | 
multiple section ceramic trimmers; 
types of tubular trimmers; feed- | 
through capacitors; and high accuracy 
capacitors. Has illustrations and speci- 
fications of all models. 





(27) CERAMICS PROPERTY 
CHART—M. Kirchberger & Co., Inc. 


Booklet, 4 pp. To aid in the design | 


and selection of insulators, this chart 


contains mechanical and electrical | 


properties of steatites, alumina, cor- 
dierite, porcelain, and lava, for elec- 


trical, electronic, and chemical appli- | 


cations. 


(28) VARIABLE SPEED DRIVE— 


Dynamatic Corp. Bulletin AS1, 8 pp. 
Complete engineering data on the 
Adjusto-Spede, a unit that will provide 


an infinitely adjustable variable-speed | 


direct drive from an a-c power source. 


Available in a range of sizes from 3 hp | 


at 1,100 rpm to 75 hp at 1,700 rpm. 
Has illustrations of typical applications 
and a cutaway view of the unit. 


(29) TIME SWITCHES — General 
Electric. Bulletin GEA-5965, 24 pp. 
Has many illustrations plus data and 


specifications on a line of process | 


timers, time switches, and time meters. 
Has selection and application informa- 
tion, features, and operating data of 
the various types of models available. 


(30) SILICONE PAINTS — Dow 
Corning Corp. Data Sheet 7-100, 5 pp. 
[hese finishes may be divided into 3 
ategories by vehicle content: 100 per- 
cent silicone; silicone-alkyd ; and modi- 
fied silicone. After that the range of 
silicone-based formulations is almost 
limitless. This booklet explains the 
lifferences in terms of performance, 
with examples given and general rec- 
ommended application methods dis- 
ussed. 


(31) DIFFERENTIAL PRESSURI 


TRANSMITTER — The Swartwout 
Co. Bulletin A-707-A, 4 pp. This 
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Not on Your Payroll... But 
He’s Working for You! 


es kiini Distributor in your area who 
stocks Blue Devil Socket Screws is working 
for you just as surely as if he was punching 
your time clock! 

By maintaining an adequate and properly 
balanced inventory of these precision made 
products at all times, he makes sure you get 
them when you need them—in the exact 
sizes, styles and quantities you require. 

Remember your Blue Devil Distributor next 
time you need socket head products; you'll 
be mighty glad you did! 


Actual cross-section diagram shows how 
cold forming of Blue Devil socket head 
insures unimpaired fiber continuity. 


SOLD ONLY THROUGH AUTHORIZED INDUSTRIAL DISTRIBUTORS 


WRITE DIRECT for the name of the Blue Devil Distribu- 
tor in your area . . . plus latest complete literature. 
No obligation ! 


SOCKET SCREWS EXCLUSIVELY! 


Carety Cocker Cerew Company 


6504 Avondale Avenue, Chicago 31, Illinois 
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minute after minute YEAR AFTER YEAR 


with Star-Kimble Brakemotors 


That extra-large brakelining area you see brings a Star-Kimble Brake- 
motor and its connected load to an extra-fast stop—as short as a fifth 
of a second from full speed to standstill if desired. 


And the small air gap contributes to equally fast starts. Brake is released 
the instant motor current is switched on—equipment starts without drag. 
That's the story of a single Star-Kimble stop-start cycle. And the expe- 
rience of user after user proves that Star-Kimble Brakemotors maintain 
the same split-second stops, the same smooth starts, through hundreds of 
thousands of cycles. In reversing service, conventional plugging methods 
with a typical 5 hp motor allow only 3 starts per minute. With a 
Star-Kimble Brakemotor, the figure is boosted to 10! 

Of course, every Star-Kimble Brakemotor is a compact, integral unit 


designed to save space—and give rugged, dependable performance. 
One manufacturer—one responsibility. 


For the full story, write for Bulletin B-501-A 


AR-KIMBLE 


MOTOR DIVISION 
LE PRINTING PRESS AND MFG. CO. 


1 Bloomfield Avenue 





Bloomfield, New Jersey 
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continue 


unit was designed to function with t! 
Autronic Controlling and Recordi: 
System developed by this compar 
This type D2T transmitter is describ 
in detail with data on principles « 
operation given. Illustrated with hoo 
up and schematic diagrams, phanto: 
cutaway views, and dimensional di 
grams. 


(32) SHELL MOLDING Ma 
CHINES—Sutter Products Co. Bu 
letin S, 4 pp. Explains the operatic 
of an automatic shell molding ı 
chine, designed to accommodate 
percent of the applications for shel! 
molding without special engineerin 
experimentation, or cut-and-try. Ih 
trations show the machine if vario 
stages of operation, with all parts ¢ 
plained. Gives all dimensions and 
engineering data. 


(33) CAPACITORS—Cornell-Dubil 
ier Electric Corp. Catalog 200 D, 
36 pp. Lists all the data for any of 
the 134 types of replacement capaci 
tors. Information includes diagrams, 
and specifications. Capacitors listed as 
ceramic, electrolytic, metallized paper 
mica, motor start, mylar, paper, paper 
oil, and photoflash. 


(34) FASTENERS — South Chester 
Corp. Catalog B2, 24 pp. Has a sec- 
tion devoted to each of seven different 
fastener types: screw fasteners, blind 
rivets, adjustable pawl fasteners, door 
latches, spring-grip fasteners, anchor 
nuts, and door-retaining springs. Each 
has photographs, drawings, tables of 
dimensions, and list of possible appli- 
cations. 


(35) CORROSION RESISTING 
VALVES—Associated Valve & Engi- 
neering Co. Sections A & E, 28 pp 
Section A covers the needle valves, and 
Section E the safety and relief valves 
Lists many types, and includes con 
struction details, dimensions, and ca- 
pacity tables. 


(36) ADHESIVES, COATINGS, 
SEALERS—Minnesota Mining & Mfg 
Co. Booklet Z-APM, 12 pp. Typical 
applications of adhesives, coatings, 
and sealers in the aircraft industry arc 
illustrated and described in sections for 
cach product group. The coatings ar 
classified under: corrosion resistant, 
rain erosion resistant, strippable, and 
special. Adhesives for aircraft are 
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Catalogs and Bulletins continued 


listed: general purpose, fuel cell re- 
pair, high temperature, honeycomb 
sandwich, and metal-to-metal. 


(37) GEARMOTORS — Westing- 
house Electric Corp. Booklet B-5645, 
15 pp. Describes a complete line of 
the life-line gearmotors, giving the 
features of the gear unit and motor. 
Gear ratios for single, double, and 
triple reduction types are given. Other 
gearmotor designs developed especially 
for a particular requirement are de- 


scribed. 


(38) CAST PLASTIC SHEETS— 
Cast Optics Corp. Catalog, 12 pp. 
Describes and illustrates applications 
of clear cast thermoset Cocor plastic 
sheets. Unusual properties, such as 
high abrasion and heat resistance, 
toughness, and complete solvent re- 
sistance are featured. Technical prop- 
erties and fabrication data are in- 


cluded. 


(39) PERMANENT MAGNETS— 
Carboloy Div. Bulletin PM-111, 6 pp. 
Latest information on the uses, design, 
properties, and manufacturers of per- 
manent magnets, sintered grade 5. 
Contains charts, graphs and photo- 
micrographs in explaining magnetic 
and physical characteristics. Also has 
a table of tolerances. 


(40) AIRCRAFT COMPONENTS 
General Electric Co. Booklet GEA- 
5972, 20 pp. Products covered range 
from subminiature metal clad capaci- 
tors for use in electronic equipment to 
air turbine drives used in the opera- 
tion of generators, hydraulic pumps 
and fuel pumps. Each product descrip- 
tion is supplemented with a photo. 


(41) A-C MOTOR FRAME CHART 

Westinghouse Electric Corp. Chart 
DC-463, 1 pp. A chart measuring 
17 by 24 in. with data on a-c motor 
frame selection from 1 to 30 hp. 
Shows comparison between old and 
new NEMA standard dimensions. 
Covers: polyphase squirrel-cage mo- 
tors, designs A,B,C-general purpose, 
foot-mounted open type, 60 cycles, 
550 v and less. Also, polyphase 
wound-rotor motors, 60 cycles, 550 v 
ind less; single-phase motors, 115 and 
30 v; and single-phase and polyphase 


Your Anker-Holth cylinder matches your job 


@ Sure, the above cylinders are unusual. The big one has an 
18-inch bore and 19-inch stroke, and handles 2000 p.s.i. 
hydraulic pressure! The little one has a 1-inch bore and is 
for air power. But both are all in a day’s experience of the 
nearby Anker-Holth engineer who is available to help you 
solve problems in power motion. To be sure you get the 
right air or hydraulic cylinder for your specific job, specify 
Anker-Holth and ask for our engineering help. Call or 
write Anker-Holth Division of The Wellman Engineering 
Company, Dept. F-1, 2723 Conner St., Port Huron, Michigan. 


flange unter ne D. 60 cycle. 550 FREE on request... bulle- 
ange-mount i, type D, cy le, tin on complete line of 


and less Anker-Holth products, 
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yom te See 
FLEXIBLE COUPLINGS 


for Power Transmission to 
PTC Smee ni 


Requires No Attention. 
Visual Inspection 
While Operating. 


No Wearing Parts. 
Freedom from Shut-downs. 


No Loose Parts. 
Ail Parts Solidiy Bolted. 


Free End Float under Load and 
Misalignment. No Rubbing Action 
to cause Axial Movement. 


NO LUBRICATION 


Drives Like a Solid Coupling. 
Elastic Constant Does Not Change. 
Original Balance is Maintained. 


PERMANENT 
TORSIONAL 
CHARACTERISTICS 


iG: 


Patented Flexible Disc Rings 
of special steel transmit the 
power and provide for parallel 
and angular misalignment 
as well as free end float. 


A 


} Thomas Couplings 
|| are made for a wide 
range of speeds, 
horsepower and 
shaft sizes, 


THE THOMAS PRINCIPLE GUARANTEES 
PERFECT BALANCE UNDER ALL 
CONDITIONS OF MISALIGNMENT 


NO MAINTENANCE PROBLEMS 


ALL PARTS ARE 
SOLIDLY BOLTED TOGETHER 


Write for our new 
Engineering Catalog No. 51 


THOMAS FLEXIBLE 


COUPLING CO. 
WARREN, PENNSYLVANIA, U.S.A. 


270 


CENTRAL SECTION OF the castle “Sans, Souci” in Potsdam, Germany, built 1745-48 
by Frederick the Great. In a large wing off to the left were the living quarters (Sans 


| souci—without worry) and in the wing to the right were the executive offices (Souci 


—worry). Hence the comma. This castle is now behind the Iron Curtain. Original 
photo furnished through the courtesy of the German-American Trade Promotion 


Office, Empire State Building, New York. 


Sans, Souci 


In the first Sans, Souci column, 
which appeared in the April 1951 
number of Product Engineering, I ex- 
plained the meaning of the title, “Sans, 
Souci” and the reason for the comma. 
And here is the explanation as it first 


appeared: 


Right plunk in the center of the 
old Kaiser’s palace in Potsdam, up 
near the roof, the architects have a 
name for it, are chiseled in stone these 
words and punctuation, “Sans, Souci.” 
If you get a hold of the right guy, or 
guide I should say, he will explain the 
comma. And this is the explanation: 
When Kaiser Frederick the Great, or 
perhaps it was some other Kaiser, built 
this palace he called it Sans, Souci and 
ordered that the two words be chiseled 
into the stone with a comma in be- 
tween. “Why the comma?” h 
asked. 

“That is easy,” says Freddie, “I am 
going to live in the left side of this 
palace, and I'm telling you I'll do no 
worrying in my family life. But the 
right side of this building will be my 
executive offices and there I'll do my 
worrying. So to indicate it’s Sans Souci 
on the left side and Souci on the right 


was 


side, you will put a comma between the 
words.” 


Now let me explain to you how | 
first thought of using the title, Sans, 
Souci. In July 1913 between my junior 
and senior years at Lehigh I was wan- 
dering around Germany, alone. | 
eventually arrived in Potsdam, just 
outside of Berlin and now behind the 
Iron Curtain. There I saw the great 
castle of Sans, Souci built by Frederick 
the Great in 1745. It was Kaiser Fred- 
erick the Great, as I checked it since 
I wrote that first Sans, Souci column. 
I hired a guide to take me around. 
I went through the inside of the castle 
which was amazingly simple and puri- 
tanical looking. Then the guide took 
me all around the outside and through 
the gardens. Eventually, standing out- 
side the palace we came to the name, 
Sans, Souci. The guide gave me the 
story of the comma substantially as 
it is given above. 

Let me admit that it does not re- 
quire a keen observer to note that | 
made several errors in the original ex 
planation. The words, Sans, Souci. are 
not chiseled in stone, they are bronz 
letters. And in addition to the comma 
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there are two other punctuation marks, 
namely, a dot over the i and a period 
at the end. However, it was 38 years 
between the time that I saw the castle 
and the time that I wrote the piece in 
the April 1951 number of Product En- 
gineering. Therefore, I hope that those 
two little errors will be forgiven. 

In addition to my visit at Potsdam 
I visited with many interesting people 
and saw many interesting places among 
them the shipyards of the Blom and 
Voss Company which built the Impera- 
tor and the Vaterland. One of those 


two ships became the Leviathan when From NEVER, NEVER LAND 


she was confiscated in World War I. 


I am not sure what happened to the ts 
other one, other than she got a lot of > = 0 S$ # E A R 
barnacles on her, lying in the Ham- - xs © comes 
burg harbor throughout the years of n \ THE LUBRIKON 
745-40 World War I. I believe she was even- 
(Sans tually cut up for scrap as was the Le- 
(Souci viathan. 
riginal I should further explain that the 
= accompanying picture of the Sans, 
Souci. castle was obtained through the 
courtesy of the German-American 
Trade Promotion Office. Potsdam is 
now behind the Iron Curtain. Presum- 
ably the castle is being used by the 
Russians for some purpose or other. 
Coming back to Frederick the Great, 
he was quite a boy as I found out by 
reading his life's history in the Ency- 
clopedia Brittanica. He despised Ger- 
man literature which he thought was 
about as low a grade as it is possible to 
produce. He admired the French. For 
a time Voltaire was the guest of Fred 
erick the Great at Potsdam, as were 
quite a few other Frenchmen of letters. 
d the The thing that made Frederick the 
great Great really great, was not his mental 
lerick capacity or his brilliance as a soldier, : FOR THOSE PARTS 
Fred- but rather his philosophy, his actions | 
since and his attitudes. He was perhaps 
umn the first ruler to enunciate rh paia THAT ARE DIFFICULT 
und ple that the king, kaiser or czar is the 
castle servant of the people and not the dic- | OR IMPOSSIBLE TO LUBRICATE 
puri- tator of their lives. His broadminded- | 
took ness was demonstrated by the fact that 


ough although he was an atheist he gave | Write today for details or 
, Out- lavishly to the church and insisted on | send prints, sketches and 


lame, freedom of religious worship, because 
oie © : description of application 
e the Churches build high moral standards = ppl 
with inquiry. 


ly as and the peoples of a nation must have 
them if the nation is to prosper.” That 
is not the exact quotation but that is 
what he meant. 


| 
| 
There is a story that one day when @, S 
Frederick the Great and his bodyguard | & BEARING & MFG. 


t re 
hat I 
I ex 


were on horseback going through the 777 W. EIGHT MILE ROAD e WHITMORE LAKE, MICHIGAN 
public gardens of Berlin they came 


> ` 7 g e — g r Ç 
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continu: d 
accurately controlled 


MA electric heat 


HEATING LIQUIDS 
for MELTING SOLIDS 
in Tanks and Vessels 


Pa 


IMMERSION HEATERS 


upon a crowd shouting and gazing : 
a poster nailed high on a tree. A 
closer view revealed that the post ; 
was a highly disrespectful cartoon 
Frederick the Great, and the peop - 
were ridiculing him. The moment th. 
they saw that the Kaiser was lookin g 
at them a deadly silence descend: 
upon the crowd. Frederick the Great 
laughed and said, ‘Put the poster 
down lower so the people won't get a 
stiff neck looking up at it,” and started 
to ride away. Of course with that kind 
of a comeback the people couldn't do 
anything but cheer for the man whom 
the poster ridiculed as a despot. 
Frederick the Great was a great su; 

porter of education. He started a free 
school system. He encouraged men to 
study the arts and sciences. He consid. 


The most efficient method of heating fluids in 
tanks, kettles, steam tables, boilers, etc. Watiow Units ore 
designed for low internal operating temperatures—which 
results in maximum life. Available in brass, steel or nickel 
alloy, also stainless steel sheaths, for maximum corrosion 
resistance. Standard sizes: 34" to 2“ dia., 34" te 60” 
lengths; 1T0W-35W densities. Special sizes and shapes 
built to your specifications. 


Send for your free copy of 
Watlow Electric Heating Units Catalog. 


SINCE 1922—DESIGNERS AND MANU- 
FACTURERS OF ELECTRIC HEATING UNITS 


1392 FERGUSON AVE. 


SAINT LOUIS 14; MO.. 


VIKING 


CONVENTIONAL 
ALLE- 


PUMPS 


The difference to you between profit and loss can depend upon the 
simple, positive action of Viking Rotary Pumps. Their fast, thor- 
ough stripping action can mean that you get all you pay for when 
emptying barrels, tanks and other containers instead of leaving a 
part of each load. Where many other pumps fail, efficient stripping 
is possible with Vikings because of the suction lift created by 
our famous Viking “gear-within-a-gear” pumping principle. 


Whether the liquid you want to pump is thick 
or thin, you will pump more . . . faster with a 
Viking. What is your pumping problem? Send 
it along today and ask for bulletin 54SX. 


VIKING PUMP company 


CEDAR FALLS, IOWA 


| AN HONORED NAME 
IN PUMPING 


ered knowledge to be man’s most pow- 
erful weapon. Many of the roots to the 
greatness of German engineering and 
technology can be traced to the reign 
of Frederick the Great. 

Well so much for Freddie and his 
accomplishments. We in this country 
are also great on education. And the 
respect and esteem given the engineer- 
ing profession is growing steadily 
That means that engineering as a pro- 
fession is gaining in stature and eco- 
nomic value. 

Just now the engineering profession 
is being faced with the opportunity of 
taking a wonderful forward step that 
will do more to enhance the standing 
of engineering in the USA than has 
anything else to date. The four major 
national engineering societies, The 
American Society of Mechanical Engi- 
neers, The American Society of Civil 
Engineers, the American Institute of 
Electrical Engineers and the American 
Institute of Mining Engineers are the 
trustee owners of the Engineering So- 
cieties Building at 29 West 39th Street, 
New York City. All of these societies 
have outgrown the building. It is 
not big enough for any of them to 
hold their annual meeting. Also, New 
York City is becoming a less and less 
desirable place to hold large annual 
meetings because of the overcrowded 
conditions. 

It has been decided by the executive 
officers of these four societies that it 
would be extremely desirable to sell 
the existing building and put up a new 
one in some other city more centrally 
located. Chicago, Pittsburgh, St. Louis, 
or some such city. It has been rumored 
that Pittsburgh, Pennsylvania, has of- 
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Sans, Souci continued 
fered to build a tremendous engineer- 
ing center in conjunction with a new 
engineering societies building to be 
erected by the national societies. 

Be that as it may, and it is only a 
rumor, it is essential that the American 
Society of Mechanical Engineers ob- 
tain from its membership their consent 
to give the council of the society and 
in turn their representative on the 
board of trustees of the Engineering 
Societies Building, namely, the United 
Engineering Trustees, Inc., blanket au- 
thority to enter into negotiations to 
sell the present property and to partici- 
pate in the building of another struc- 
ture in some other city. This is a 
request for blanket authority and nec- 
essarily so. The trustees cannot act 
properly and constructively and to the 
best advantages of the society unless 
they have such authority. 

The A. S. M. E. representatives on 
the United Engineering Trustees Inc., 
are R. F. Gagg, president of Air Asso- 
ciates, Inc., J. L. Kopf, president of 
Jabet Burns & Sons, Inc., consulting 
engineers, and W. F. Thompson, vice 
president of Westcott and Mapes, con- 
sulting engineers. 

These trustees are men of high cali- 
bre, men who occupy positions of high 
responsibilities in American industry. 
They have a tremendous unselfish per- 
sonal interest in the growth and wel- 
fare of the A.S.M.E. They can be de- 
pended upon, without any restrictions 
whatsoever, to do what in their judg- 
ment is best for the A.S.M.E. And 
they are men of keen judgment as at- 
tested by the positions they hold. It is 
sincerely hoped that the membership 
of the A.S.M.E. will by a most over- 
whelming majority give to their coun- 
cil and trustee representative the au- 
thority desired when asked to do so in 
the soon forthcoming letter ballot. 

Coming back to ‘Sans, Souci,” in 
the future the title of the column will 
appear as the cut of an art rendering of 
the name of the castle as it appears 
on the structure and as shown below. 


—G.F.N. 


"SANS, SOUCI. 


J5 


| 


| 


“Strike if you must, | was 
never in better condition.” 


CASTINGS 


on the lighter IU: 
by WELLMAN 


We've never been in better condition to 


handle your requirements for lightweight 
castings, magnesium or aluminum. 


Our four completely equipped plants and 
staff of competent personnel enable us to 


offer you the finest production facilities. 


Purchasing, engineering, production and 
management men in industries everywhere 
have found the name WELLMAN synony- 
mous with sound castings made under close 
metallurgical control . . . complete facilities 
for a wide range of products . . . a sincere 


interest in their problems. 


We'll be glad to send a representative to call, 
and in the meantime, our new catalog No. 53 
will tell you more about us and our almost 


half century of experience. 


Well- Cust MAGNESIUM AND ALUMINUM CASTINGS 
(el Mado WOOD AND METAL PATTERNS 


me WELLMAN sronze « a.uminum co. 
Dept. 16, 12800 Shaker Boulevard Cleveland 20, Ohio 
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where frequent opening and 
closing are required...specify 














On panels, doors or covers, Camioc Fasteners provide security against 
opening due to vibration. Originally developed for use in aircraft, 
Camloc Fasteners have since been adopted by other industries because 
the basic design offers many advantages. Camlioc opens or closes with 
a quarter turn of the stud, yet the combination of cam, spring and 
detent provides a uniform locking torque that grips firmly, positively 
and durably. Camloc Fasteners are easily installed because the cross 
pin is an integral part of the stud and the stud is quickly inserted with 
pliers After installation, when the panel is removed or opened, the stud 
remains attached to the outer panel so that no part can possibly be lost. 
Our engineers can help you make the most effective use of Camloc 
Fasteners, by suggesting the most efficient assembly methods and by 
determining the minimum number of fasteners required to perform a 
given job. Your inquiry will receive our prompt attention. 


Write for our illustrated brochure containing descriptive information 


on the basic Camloc fastener line. Address your request to 62 Spring 
Valley Road, Paramus, N. J. 
















VIBRATION-P ROOF 


in years of constant 
use in aircraft— 
where vibration is 




















POSITIVE LOCKING 


Spring loading plus 
cam action, with a 
cross pin that can't 




















always a bugaboo— come out, guarantee 

| CAMLOC Fasteners CAMLOC Fasteners 
ay have proven themselves against accidental 
ię VA again and again \ opening 





OPEN & CLOSE QUICKLY 
A quarter-turn 
with a screw 


driver—or of g7 
the wing head — 

f opens or closes 

f the CAMLOC Fastener 


$ important where quick 
access is vital. 


SAVE MONEY 3 WAYS 


CAMLOC Fasteners 
cost less to install. 
eliminate costly 
replacement because 
they're made to take 
frequent use.. fewer 
do the job. 
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ENGINEERING 


ABSTRACTS 


Engineering Analysis 


Abstracted from “Engineering Mode of 
Analysis” by G. A. Hawkins, Dean of 
Engineering, Purdue University, and |. 
M. K. Boelten, Dean of Engineering, 
University of California. Mechanical En 
gineering, October, 1953. 


THE PROFESSIONAL ENGINEER engages 
in the design of new structures, ma 
chines, circuits, or processes; he pr 
dicts their behavior and cost under 
given conditions; he studies existing 
engineering systems and modifications 
to forecast their performance and cost 
under specified operating require- 
ments. A study of the procedures used 
by these engineers indicates that, in 
general, they employ the same method 
or mode of analysis. 


Actual and Ideal Systems 


Because of the complexity of pres 
ent-day engineering problems, it is 
difficult, and in many instances impos- 
sible, to study them without introduc- 
ing simplifying statements. In order 
to consider an actual engineering sys- 
tem, the engineer must devise an ideal 
or mental concept based on certain sim- 
plifying assumptions, which he then 
studies in place of the actual device. 
As a final step in the consideration of 
the system, the engineer must pre- 
dict the behavior of the real or actual 
system from the results obtained from 
his ideal or mind system. 

Most experienced engineers estab- 
lish the ideal system on the basis of 
simplifying assumptions with little 
ado. They become so accustomed to 
dealing with the idealized case, they 
seldom think of it as a separate step 
in the procedures of analysis or syn- 
thesis. 


Studying Systems 


Having reviewed the concept of the 
ideal and actual systems, it is possible 
to consider how the ideal or mind pic- 
ture fits into the general procedures 
used by engineers to study complicated 
engineering systems. Six steps are gen- 
erally used: 

1. The preparation of a complete 
statement of the problem associated 
with the actual system. 

2. The establishment of an ideal or 
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mind system based on (a) direct ob- 
servations or a familiarity with the 
actual system; (b) direct observations 
or a familiarity with similar ideal or 
actual systems. 

3. Specification of the boundaries 
of the ideal or mind system. 

4. Application of the fundamental 
laws or basic knowledge in order to ob- 
tain the behavior of the ideal or mind 
system. 

"5. The prediction of the behavior of 
the actual system from the results ob- 
tained on the ideal or mind system. 

6. The study of additional ideal sys- 
tems if greater accuracy is required 
in predicting the behavior of the ac- 
tual. 

The results obtained using the first 
ideal system may not have the desired 
accuracy to predict the behavior of the 
actual system. Then a second mind or 
ideal system must be formulated and 
analyzed on the basis of other defini- 
tions. As the number of mind systems 
is increased, the behavior of the actual 
system may be portrayed more accu- 
rately from the analysis of the ideal 
cases. From a theoretical standpoint, 
if the number of mind systems be- 
comes infinite, the behavior of the ac- 
tual and ideal systems becomes one 
and the same. The number of ideal 
systems which an engineer may wish to 


use will depend upon such factors as | 


economic limitations, available time, 
the knowledge of the engineer, and the 
knowledge of society in general. 


The general mode of analysis be- 
comes unique to engineering when the | 


solutions are evaluated in terms of 
time, cost, materials, and men. For 
example, during war periods, time and 





men may be more significant than cost | 


or materials—hence the engineer must 
give serious consideration to these fac- 
tors in his analysis. 


General Problem Solution 


There appear to be four general ap- | 


proaches used by engineers to com- 
plete the several steps of the general 
or specific mode of analysis. The four 
procedures are briefly described as fol- 
IOWS: 


Analytical. Consists of applying and | 


lving mathematical equations based 
n physical laws. Uses suitable tech- 
ques and computing facilities to ob- 
uin satisfactory solutions for the equa- 
ons that predict the behavior of some 
ngineering system. 

Experimental. Covers experimental 
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determination and prediction of the 
behavior of the engineering system. 

Art. In many problems encountered 
by the professional engineer, the force 
fields may be very extensive or even 
unknown. Hence, they cannot be 
treated analytically or experimentally. 
The knowledge of the engineer, based 
on scientific training and greatly am- 
plified by practical experiences, en- 
ables him to predict the behavior of an 
actual system. The professional engi- 
neer is able to sense the variables in- 
volved, although they cannot be ana- 
lyzed or formulated by the scientist 
who lacks such experience. Usually 
the engineer has available a large 
amount of unformulated knowledge— 
gained by experience with many actual 
systems—upon which he may draw. 
This knowledge is sometimes trans- 
lated verbally and pictorially, but not 
symbolically. Nor can it be general- 
ized. 

Models. Establishes a model which 
may be used to predict the behavior of 
the actual system. In many instances 
the model method is used in conjunc- 
tion with the experimental and analyti- 
cal methods. 

In the study of many engineering 
problems it is often necessary to use a 
combination of two or more of the 
methods in order to predict the be- 
havior of the actual system. The abil- 
ity to use the four methods independ- 
ently or in combinations greatly ex- 
pands the engineer's skill to predict 
the behavior of an actual from that of 
an ideal system. 


Method of Models 


In general, engineers are less famil- 
iar with the use of models than with 
the other three approaches. A model 
is a device used to predict the behavior 
of an actual system known as the pro- 
totype. The types of models used may 
be divided into the following groups: 
True models, distorted models, ade- 
quate models, and analogs. 

True models are so constructed that 
all significant characteristics of the ac- 
tual engineering system are reproduced 
to scale. The model must satisfy all 
other imposed restrictions as well as 
being geometrically similar to the pro- 
totype. The scale is constant ; hence all 
measurements on the model corre- 
spond to the dimensions of the proto- 
type. 

An adequate model is one employed 
to predict one particular characteristic 
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of an actual engineering system. While 
a true model will have only one length 
scale, a distorted model may have more 
than one scale. Models used for the 
study of the flow of water in river 
channels are often constructed using a 
smaller scale for the depth than for the 
width and length. 

A distorted model is one in which 
it is necessary to violate a design con 
dition to such an extent that a correc- 
tion factor must be applied to the re- 
sults in order to predict the behavior 
of the prototype. 

Analogs are units that do not re- 
semble the prototype, but obey an 
equation or equations identical in form 
to those that govern the prototype. 
By imposing corresponding initial and 
boundary conditions, the results ob- 
tained on the analog may be converted 
to represent corresponding results for 
the actual system. 

The thermal-electrical analogy is 
based upon the similarity of the equa- 
tions describing thermal and electrical 
phenomena, namely, the comparison of 
the partie ‘ifferential equation for 


ai 
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ko DeWalt 
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* for resistance to 


temperature distribution in a solid pro- 
duced by the transmission of heat to 
the partial differential equation for the 
distribution of electrical potential pro- 
duced by a current flowing through a 
slender noninduction wire, and the 
comparison of the equations for the 


vibration + fast operation 
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* rugged construction + low cost 
* years of trouble-free service 


rate at which thermal energy is stored 
and for the rate of flow of charge into 
a capacitor. Dependable De Walt power tools need rugged, dependable 
components. So it’s little wonder that Sterling Relays are 
built into De Walt equipment. De Walt, like hundreds of other 
manufacturers, has found you can’t beat Sterling quality or 
service for standard and specialized work. Sterling experi- 
ence and AMF engineering know-how give you a product to 
meet your most rigid specifications. 


Frequency Analysis of 
Hydraulic Controls 


Abstracted from “Application of Fre- 
quency-Analysis Techniques to Hydraulic 
Control Systems” by A. C. Hall, Detroit, 
Michigan. Paper No. 53—A-16, 


THE GROWING IMPORTANCE OF HY- 
DRAULICS is recognized as one of the 
more significant trends in the engi- 
neering of feedback controls. The 
underlying reasons for the wider ac- 
ceptance of hydraulics in servomechan 
isms are (1) the larger power ampli- 
fication obtainable; (2) the speed of 
that can be obtained with 
these mechanisms; and (3) the com- 
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pactness of hydraulic power actuators 
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It has been difficult to predict ac- 
urately the dynamic performance of 


hydraulic systems because of the non- 
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linear relation between pressure and 
flow operating in these systems. It is 
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possible to “linearize” many systems 
of practical interest, however, by con 
sidering small motions and applying 
perturbation theory. Frequency-re- 
sponse analysis techniques then can be 
applied to determine the dynamic per 
formance of these systems. While sit 
uations always exist in which the non- 
linear behavior of the system is so 
pronounced that linear analysis is in 
applicable, nevertheless, practice has 
verified that studying the “‘small-mo- 
tion” case by means of linear analysis 
is often very helpful. The method of 
linearizing hydraulic systems is illus- 
trated by study in some detail of the 
operation of a specific system com- 
monly encountered. Similar approaches 
can be used to study other systems. 

A typical feedback control system 
employing hydraulic elements is illus- 
trated. In this system, a hydraulic 


Excitation 


motor of the fixed-displacement type is 
controlling the position of a load. Un- 
der appropriate circumstances, a cylin- 
der-piston type of hydraulic actuator 
can be used instead of the rotational 
motor illustrated. The motor is con- 
trolled by a valve supplied with a 
nominally constant hydraulic pressure 
by a suitable hydraulic pump. The 
valve is operated by an electrical mo- 
tor which is driven by an amplifier. 
The signal to the amplifier is the dif- 
ference between the required position 
of the load and its actual position as 
monitored by the load synchro. Since 
the input to the amplifier is the error 
or difference between the input posi- 
tion and the output position, the sys- 
tem is a servomechanism in the ac- 
cepted sense. 

The method by which the character- 
istics of the hydraulic system are lin- 
earized, and its response studied by 
means of frequency-response  tech- 
niques, has been applied to the devel- 
opment of a number of hydraulic con- 
trol systems during the past 6 years. 
This method of analysis has been 
Product Engineering 


January, 1954 

















small PARTS USERS OF 


LUEN 


CAN CUT COSTS 








BY DESIGNING PARTS TO BE PRESSED FROM BRASS POWDER 


The tens of millions of powder metallurgy brass parts in use today are evidence that 
alert engineers can design this proven material into many products which previously 
called for a brass casting, stamping, or machined part. In designing parts of brass— 
as in any other design problem—price is rarely the first factor to consider—but 
almost always the second. Its QUALITY you consider first. Will the part meet your 
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instrumental in improving the dynam 
performance of hydraulic servosysten 
by a considerable factor. The resu 
has been that servosystems with natur 
frequencies of better than 100 cps hay 
proved practical and successful. 


Protection Against 
Galvanic Corrosion 


Abstracted from “Finishing Systems for 
Magnesium” by Hugo A. Barbian, Mag- 
nesium Dept., The Chemical Co. 
THE PROPER DESIGN FOR eliminating 
undesirable galvanic corrosion calls for 
certain steps: (1) protecting the 
cathode (dissimilar metal) as well as 
the magnesium by the use of moisture 
impervious films such as vinyls. By so 
doing, a steel member is coated with a 
film and no galvanic corrosion occurs 
But as soon as the film becomes per- 
forated, corrosion proceeds. 

As an example, a large area of mag- 
nesium corroded sacrificially protecting 
a very small area of steel member. In 
this case, the corrosion on the magne- 
sium was of a superficial type and not 
harmful. As long as a perfect pro- 
tective film remains on the magnesium, 
no galvanic corrosion occurs, but when 
the film ruptures and the two metals 
are joined by an active electrolyte, gal- 
vanic corrosion will occur. In this case, 
the very small area of magnesium must 
protect a large area of steel, and the 
corrosion is of a penetrating type 
which will eventually lead to perfora- 
tion of the member. Therefore, where 
corrosion is a real problem, the use of 
essentially non-porous coatings on 
magnesium (chemical treatment or 
paint) should be avoided unless they 
are applied to the dissimilar metal. 

It has been a common failing in field 
work to put more and more protection 


| on the magnesium, because it appears 


as though the magnesium is the mem- 
ber which is corroding and needs pro- 
tection. 

Another factor in proper design that 
tends to reduce the incidence of gal- 
vanic corrosion is the use of dissimilar 
metals that are compatible with mag- 
nesium. These metals are: aluminum 
52S, 53S, 56S, 61S and 63S; steel and 
brass. (The use of zinc and cadmium 
plate retards galvanic corrosion but 
does not prevent it.) These metals 
can be used as washers, shims, fasten- 
ers, and structural members 

Proper design of magnesium struc 
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Engineering Abstracts continued 
tures calls for the usc of non-absorbent 
tapes or sealing compounds in joints. 
As an example, a dissimilar metal an- 
gle is riveted to a piece of magnesium 
sheet. As long as the 56S rivet is used, 
no galvanic corrosion is encountered 
on the magnesium side of the assem- 
bly. A tape or sealing compound is 
used between the magnesium and the 
dissimilar metal with at least $ or $ in. 
overlap so that bridging of the electro- 
lyte cannot occur. 

Another case is where the dissimilar 
metal is bolted to a magnesium plate. 
Here, in a severely corrosive environ- 
ment, corrosion can be encountered 
between the cadmium plated bolt and 
the magnesium. For best results, a 
52S aluminum washer should be used 
under the head of the bolt. The 
cadmium plated washer can be used 
directly against the dissimilar metal. 

Another means of reducing gal- 
vanic corrosion is by the use of electro- 
plated magnesium. A copper-nickel- 
chromium system eliminates the poten- 
tial difference between the magnesium 
and the dissimilar metal and thus elim- 
inates galvanic corrosion. This method 
is especially applicable to small parts. 


High Temperature 


Creep and Tensile Strength 
Properties of 
Magnesium Alloys 


Abstracted from “The Properties of Sand 
Cast Mg-Th-Zn-Zr Alloys” by K. E. Nel- 
son, The Dow Chemical Company, pre- 
sented before the AIME at the 35th Na- 
tional Metal Congress and Exposition, 
Cleveland, October 1953. 
A COMPREHENSIVE INVESTIGATION 
into the effect of varying thorium and 
zinc contents on the strength and 
100-hr creep characteristics of high 
temperature magnesium alloys revealed 
that: 
1—Good combinations of strength and 
ductility at room and elevated tem- 
peratures may be developed over a 
wide range of thorium and zinc 
contents. 
Exceptionally high creep resistance 
at 650 and 700 F can be developed 
within a certain range of thorium 
and zinc contents which conforms 
to neither the range giving maxi- 
mum room temperature strength 
nor that exhibiting optimum static 
properties at the elevated tempera- 
tures. 
-The commercial alloy containing 
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AH Overload Relay 


Electric Co. 
Hartford 6, Conn. 


An element of Chace Thermostatic Bimetal actuates the 
Arrow-Hart overload relay to provide protection to electric motors 


when overloaded, when polyphase motors are single phase 
operated, or when extremely low voltage exists in the power 
line. The AH thermal overload relay shown is used in conjunction 
with a magnetic starter switch. 

When an overload on the line occurs for any reason, heater 
element (1) causes bimetal element (2) to bend, and through 
link (3) depresses left end of lever (4). A coil spring attached 
to the opposite end of the lever and to breaker arm (5) holds 
breaker arm in contact position under normal conditions. When 
deflection of the bimetal moves lever, the spring is raised above 
dead center and arm is caused to snap upward, separating 
silver butt contact points (6). 

To reset relay, slide (7) is depressed and pin in slide forces 
breaker arm down to contact position, moving spring past dead 
center and returning lever to operating position. Latch (8) locks 
spring loaded end of lever under operating condition. 

This illustrates but one of the many applications of Chace 
Thermostatic Bimetal as the actuating element for temperature 
responsive devices. If your product responds to, indicates or 
controls temperature changes, actuate it with dependable Chace 
Thermostatic Bimetal. Write today for our new 36-page booklet, 
“Successful Applications of Chace Thermostatic Bimetal,” con- 
taining condensed engineering data. 


W. M. CHACE CO. 
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magnesium plus 3 pct Th plus 2 5 
pet Zn plus 0.7 pet Zr is a good 
overall choice for elevated te: 
perature applications based upon 
its combination of tensile and creep 
properties as well as conservation 
of costly and critical materials. 
However, for specific applica 
tions there are alloys in the 
Mg-Th-Zn-Zr system having bet- 
ter creep resistance. 

4—Alloys of magnesium plus zircon- 
ium containing as little as 0.5 pct 
Th and 0.5 pet Zn may have usc- 
ful applications in stressed parts 
operating as high as 650 F. 

5—High creep resistance in this alloy 
system is generally associated with 
a microstructure in which the in- 
termetallic constituent has a jagged, 
plate-like shape. 

The alloys studied in this investi- 
gation were prepared in 25 lb capacity 
mild steel crucibles. Thorium was in- 
troduced into the melt in the form of a 
Mg-Th hardener; the zinc was added 
in the metallic form, and the zir- 
conium was alloyed in the form of the 
commercial hardener containing mag- 
nesium and 30 to 50 percent Zr. Flux- 
ing practices for melting and refining 
were the same as for magnesium. 
rare-earth metal-zirconium alloys. Test 
bars prepared from the melts were 
given a precipitation treatment of 16 
hr at 600 F in laboratory furnaces. The 
selection of 600 F was based on an at- 
tempt to achieve metallurgical stability 
without coalescence of the undissolved 
phases and the attendant loss in 
strength. 


Tensile and Creep Properties 


The maximum room temperature re- 
sults are developed by the 5 pct Zn-1 
pet Th, 5 pet Zn-2 pct Th, and 5 pet 
Zn-3 pct Th alloys. In general, the 
higher thorium-higher zinc alloys have 
lower elongation values at room tem- 
perature than do the other composi- 


| tions. In the zinc-containing quater- 


nary alloys, for a given thorium con 
tent through 4 pct, the room tempera- 
ture yield and tensile strengths in- 
crease with increasing zinc contents. 
The best combination of tensile 
properties at 650 and 700 F are ob- 


| tained with the magnesium plus 3.56 


pet Th plus 0.72 pct Zr and magne- 
sium plus 6.05 pct Th plus 0.97 pct 
Zr alloys. No one composition in the 
Mg-Th-Zn-Zr group of alloys can be 
pointed out as superior to others, al- 
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Fig. 1—Stress in 1000 psi to give 0.2 per- 
cent total extension in 100 hr at 650 F. 


Percent Zinc 


Fig. 2—Stress in 1000 psi to give 0.5 per- 
cent total extension in 100 hr at 650 F. 


though the higher thorium-higher zinc 
alloys appear somewhat better, though 
in no case equivalent to the zinc-free 
alloys. 

A graphical presentation showing 
the 100-hr creep limits obtained at 650 
and 700 F for the various Th-Zn com- 
binations are shown in Figs. 1 through 
4 where the two parameters of creep 
are plotted. Iso-strength lines have 
been drawn to define more clearly the 
differences in creep strength existing 
among the alloys. 

As shown in Figs. 1 and 2 there ap- 
pears to be a ridge indicating com- 
positions of optimum creep resistance 
starting with the 0.5 percent Th-0.5 
percent Zn composition and extending 
through 3 percent Th-2.5 percent Zn, 
4.5 percent Th-2.5 percent Zn, and on 
up to the 6 percent Th-3 percent Zn 
alloy. The optimum composition is 
around 5 percent Th-3 percent Zn. 
Although alloys containing more than 
6 percent Th have not been studied, 
the results indicate that the creep resist- 
ance may be reaching its maximum at 
this level of thorium content. The 
good creep resistance retained by th 
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Power you can punish! 


That’s LE ROI heavy-duty power 





Power that pays off in 
Dependable service! 


Operating economy! 
Easy maintenance! 


HE extra reliability of Le Roi engines is 

a proved fact — proven by dependable and 
economical performance on one tough job 
after another. 


A Le Roi is no automotive lightweight — 
it’s a power-packed valve-in-head engine de- 
signed from scratch for heavy-duty service. 
It has the weight and stamina it takes to stand 
the punishment handed out to field equipment. 
It has advanced design, precision machining, 
and quick-maintenance features. 


These are reasons why Le Roi is a leader in 
the heavy-duty field. They’re reasons why you 
find so many Le Roi engines powering oilfield 
equipment, construction equipment, industrial 
machinery, and agricultural equipment. 


Let Le Roi’s performance record guide your 
judgment, when you buy equipment or select 
engines for original-equipment or replacement 
power. Le Roi has a full range of sizes from 
15 to 635-hp — for gasoline, natural gas, 
butane. And remember — Le Roi power is 
power that pays off. 


Write for latest bulletins. 





A Subsidiary of Westinghouse Air Brake Co. 
MILWAUKEE 


A typical Le Roi engine application in the 
construction field—powering a Haiss loader. 


14, WISCONSIN 


Plants: Milwaukee © Cleveland — Greenwich — Dunkirk, Ohio * Coldwater, Michigan 
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selected for Quality 
and Dependability 


Products bearing these familiar 
trademarks have all established 
enviable reputations for quality and 
dependability. And to guard product 
reputations, these manufacturers 
continue to specify castings by National 
—one of the Nation’s largest founders. 


Percent Zinc 


Fig. 3—Stress in 1000 psi to give 0.2 per 
cent total extension in 100 hr at 700 F 


Percent 
Thorium 


Percent Zinc 


G: RUE iS 


TUDEBAKER TRAILERS 


Fig. 4—Stress in 1000 psi to give 0.5 per- 
cent total extension in 100 hr at 700 F. 


low thorium-low zinc alloys is very in 
teresting and warrants further investi- 
gation both as to sand cast and 
wrought alloys. 

Figs. 3 and 4 show that at 700 F 
there is an indication of a ridge fol- 
lowing similar Th-Zn compositions as 
observed in the 650 F data. The 
form appears to be much flatter at 700 
F, however, and the crest of the hill 
is in the range of 5.5 percent Th-4 
percent Zn. 

The good creep resistance observed 
on the low thorium-low zinc alloys 
at 650 F does not hold at 700 F. It is 
interesting to observe that at 650 I 
creep resistance on the 1 percent Zn 

| alloy decreases when the thorium con 


National's unparalleled experience in producing 
malleable, heat-treated malleable, and steel castings 
is at your disposal. Sales offices and engineering facilities 
are located at all five strategically located plants. 


A-5855 
PLANTS LOCATED IN Shoron, Pa., Cleveland 6, Ohio, 


indianapolis 6, Ind., Melrose Park, Ill., and Chicago 50, Ill. 


A 16mm Technicolor film. Narrated by 
Edwin C. Hill, this 27-minute film tells how 
malleable iron is made .. . tested . 

used . . . how its production economy, 
ductility, machinability, toughness 

will give you a better finished __ J. 
product. Available Fhe Dit 
for group showings. 


FOR transrorTanon 


tent is increased from 0.5 to 6 percent, 
while at 700 F increasing thorium 
tends to increase the resistance of 
the alloy to creep. The fact that the 
decrease in creep resistance of the 
6 percent Th-4 percent Zn alloy 
with increasing temperature (650 to 
700 F) is so little might indicate that 
this or a similar composition will quite 


possibly eventually prove to be supe- 


he older compositions after 
CLEVELAND 6, OHIO rior to the der c positions 


= MALLEABLE and STEEL SASUAES company 





long exposure times 
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OUR 
READERS | 
SAY 


Letters should be addressed to The 
Editor, Product Engineering, 330 
West 42nd St., New York, 36, N. Y. 


Problems of the 
Free-Lance Inventor 


To the Editor: 


I have a patent on a new principle 
in bath tub construction, which I call 
a Combination Slide-Away Bath. The 
product does not need a bathroom for 
its installation and should be to bath- 
ing what the convertible bed is to 
sleeping. 

After trying for several ycars to in- 
terest manufacturers, I have received 
good comments about the product, but 
most of the rejections were for manu- 
facturing or sales reasons and for the 
conditions in the country. I have tried 
invention brokers with regrettable re- 
sults. All in all, it seems very dis- 
couraging to independent inventors. 

With your knowledge and experi- 
ence in the field of new products, could 
you advise me as to the most efficient 
methods to follow in finding the right 
type of manufacturer for this product? | 

—JoHN A. H. SIERS | 
Jersey City, N. ]. 
Ed.—Marketing his product has al- 
ways been the big problem of the free- 
lance inventor. But there are several 
organizations and foundations, entirely 
apart from invention brokers, that offer 
advice and assistance to independent 
nventors. Your local Chamber of 
Commerce or Better Business Bureau 
ould probably give you the names of 
iny of these in your vicinity. 


Another Kind of Conflict 
To the Editor: 


I was quite struck by the omission 
n your editorial titled 
Conflict and Dissatisfaction” of any 
ference to one of the most vigorous 
onflicts which tends to maintain the 
onomic prosperity of a country. I 
n referring, of course, to class or | 
cial conflict, a kind of struggle that | 
s; usually more effective in achieving 


November 
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If your worm gear drive 
passes this test... 


it must be a CLEVELAND 


HIS precision testing machine ana- 

lyzes a worm’s profile. It detects the 
slightest deviation in form and lead from 
thread to thread. 


That’s important. Unless worm con- 
tours match ex- 
actly those of 
the mating gear, 
you can expect 
drive troubles 
—undue wear, 
unwanted speed 
fluctuations, 
ragged drive 
performance. 


EVERY 
CLEVELAND 
PASSES THIS 

TEST 
More than that, 
each Cleveland worm must pass this test 
within microscopic tolerances! This guar- 
antees a perfect match between wear- 


Cutaway shows compact inte- 

rior design and construction 

of a typical Cleveland worm 
sear speed reducer. 


A 


resistant case-hardened steel wotm and 
nickel-bronze gear. No wonder expe- 
rience shows that Cleveland worm gear 
speed reducers usually outlast the life of 
the machines they drive. 


Why not ask the Cleveland representa- 
tive who serves you to explain all the ad- 
vantages of America’s most dependable 
worm gear drive and see how it can help 
you? Write for Catalog 400. The Cleve- 
land Worm and Gear Company, 3279 
East 80th Street, Cleveland 4, Ohio. 


Affiliate: The Farval Corporation, Centralized 
Systems of Lubrication. In Canada: Peacock 
Brothers Limited. 


m8 Fb 
Ca ed 





Standard 
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CMG Cy 
OVC RCE 


IMPELLER TYPES 


from O to 174 gpm 
850 to 3450 rpm 


Types available: 


External or Sub 
JIC Standard 


Units 


Self-Priming Auxiliary 


Detroit HARVESTER 


Company 


SAAT 


Division 
2750 Guardian Bldg. - Detroit 26, Mich 
FACTORY - Paris, Kentucky 


| of other schisms for the 


is always with us 


| Our Readers Say... . -Continued 


salutary results than some of the other 
types you cited (such as the rather 
dubious reference to war). 

In the first place, the class stuggle 
is always with us—in short, it can be 
counted upon. We have it in our elec- 
tions, our political contests, our every- 
day existence. The history of unioniza- 
tion in this country is the affirmation 
of a continual social conflict, one that 
seeks and finds no respite, one that 
surely has affected the lives of us all. 

Secondly, the class struggle has a 
direct bearing on economic matters, 
and, therefore, its course is bound to 
affect the material development of a 
country, contributing to the enforce- 
ment of a high degree of economic 
| activity. Thirdly, it is constructive, if 
| (as has generally been the case in the 

United States) it is kept within the 
bounds of constitutional law. For ex- 
ample, the continual pressure of or- 
ganized labor for a higher percentage 
of the gross national product forces 
the manufacturer in order to maintain 
an acceptable profit margin into an 
unending search for greater efficiency 
in producing and merchandising his 
product. 

And finally, it is a conflict in which 
all participate, entrepreneur and worker 
alike, the former to protect his inter- 
ests from too great an encroachment 
by the latter, and the latter to promote 
his own in the face of initial exploita- 
tron 





-and 
vital one—which 
makes of the people a going concern. 
It is inconceivable that we would today 
be enjoying our present high level of 
national prosperity without it 
FRANCIS MORSE 
General Electri 


This then, is the real conflict 


by far the most 


Ed.—Mr. Morse is certainly correct in 
his statement that it was an error of 
omission for me not to have men- 
tioned class conflict in the editorial. 
I did think of it but was afraid to 
mention it. To have done so would 
have beclouded the aim of the edi- 
torial in that the moment we talk about 
class conflicts, we begin to-think about 
Socialism, Communism and all kinds 
leveling of 


| society. 


How true it is that the class struggle 
We don’t have to 
go far. “Keeping up w ith the Joneses” 
is, in fact, the beginning, you might 


say, of the class struggle. From there 


Company | 
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Pumps 
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Applications 
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ACEMENT 


Velo lotus) 


200 to 500 rpm 


Types availa 


ble: 


Detroit HARVESTER 


rite 


ane] 


Pioneer Pump 


Division 
2750 Guardian Bidg. - Detroit 26, Mich. 
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Our Readers Say 


on it spreads out into endless ramifi- 
cations. And, as Mr. Morse put it, 
unionization is in fact an expression 
of social conflict. 

In the past, I have mentioned that 
the United States owes much of its 
industrial greatness to the very fact 
that the American manufacturers have 
been forced to develop the most eco- 
nomical manufacturing processes pos- 
sible in order to pay the high wages 
received by labor by virtue of unioniza- 
tion. 

I believe it was only once in the 
whole history of American industry 
that a great manufacturer was cour- 
ageous enough and powerful enough 
to institute radically higher wage scales. 
Normally, if an average manufacturer 
were to pay ten cents an hour more 
than his competitors, he would be out 
of business in a year or less. It re- 
quired a tremendously strong man like 
Henry Ford to come out with a five- 
dollar-a-day minimum and succeed in 
achieving his objective in spite of the 
opposition of what one might call 
“organized industry.” 

The backwardness of the Asiatic 
countries and the European countries 
can be attributed almost entirely to the 
low wage scales paid to the workers. 
Some people will disagree with me on 
that point and say that the low wage 
scales are caused by the lack of natural 
resources. Yet, Russia, Asia, and also 
South America have, each one of them, 
far wealthier natural resources than 
the United States. 

I certainly agree with Mr. Morse’s 
closing sentence. It is inconceivable 
that we would today be enjoying our 
present high level of national pros- 
perity without the ever present con- 
flict between the industrialists and the 


worker G.F.N. 


Nichrome®* 
To the Editor: 


Our attention has been called to the 
February 1952 issue of Product Engi- 
neering, on page 134 of which appears 

very interesting article by C. V. 
Ramamoorthy and W. W. Soroka of 
the University of California on the 
subject of a resistance wire computing 

vice. Several of our engineers have 

id this article with increasing in- 

rest. 

We note in paragraph three of the 

ticle that our “‘Nichrome’’* V wire | 
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@ ACHIEVE 70 TO 80 MICROINCH SURFACE FINISH 


PIONEERS IN CARBON 


STAINLESS AND HIGH-TEMPERATURE 


PRECISION CASTINGS 


WHITEHALL, MICHIGAN 


OFFICES IN PRINCIPAL CITIES 
TELEPHONE: WHITEHALL 2-1515 


MISCO PRECISION CASTINGS 


@ ELIMINATE EXPENSIVE MACHINING OPERATIONS 


@ PERMIT LARGE QUANTITY PRODUCTION IN MATERIALS DIFFI- 
CULT OR IMPOSSIBLE TO MACHINE 


@ MAKE POSSIBLE REPRODUCTION OF INTRICATE SHAPES 
AND DESIGN IN FINE DETAIL 


@ MAINTAIN DIMENSIONAL ACCURACY DOWN TO PLUS OR 
MINUS .005 PER LINEAR INCH 


l 
7 


Mo Yasin Cushing Company 


PLANTS AT: DETROIT AND WHITEHALL, MICHIGAN 


Our Readers Say 


is mentioned as a component of t! 
device. It is very gratifying to ni 
that the authors of the article gave o 
well-known alloy such fine publici: 


| It is further gratifying to realize th 


their satisfaction with it is thus ey 
denced. 

Combined with our satisfaction is 
degree of concern due to the fact th 
“Nichrome’’* is the registered trad 
mark of our company. It is without 


| question our most valuable single ass: 


having been registered in the United 


| States Patent Office in 1908 and used 
| continuously since that time. It is also 


well known throughout the enti: 


| world and is registered in forty-fou: 


foreign countries. The rules, as inte: 
preted, governing the use of registered 
trade-marks are quite rigid. They sp: 
ify that no one other than the regis 
trant of a trade-mark may use it, b 
cause it indicates the source or orig 
of the material. You can thus appr 
ciate that we are faced with a dilem: 
The proper manner of using a trad 
mark that belongs to another is to 
commence it with a capital letter and 
follow it with an asterisk and this 
comment at the close of the article: 


“Reg. T. M. of D-H Co.” 


If a trade-mark is not properly pro 


| tected, it could be very seriously dam 


aged even to the point of being 
declared invalid. Therefore, we ar 
unwillingly forced to protect our well 
known trade-mark, “Nichrome,’* 
whenever we see what is obviously 
an innocent misuse. If harm should 
come to our trade-mark it would be 
calamitous for our company. 

May we, therefore, ask your full 
cooperation in protecting our mark in 
any future articles. This letter is sent 
in the friendliest spirit and with only 
the aim of keeping our famous trad 
mark completely valid. 

—M. W. CLARK 
Driver-Harris Co 


* Reg. T. M. of D-H Co. 


Recent Articles Helpful 
To the Editor: 


The articles in October and Novem 


ber by Robin Beach dealing with 
“Electrostatic Neutralizers’’ were for 


me most interesting and timely. We 
are in the midst of designing electro 
static neutralizers for a new rotogra 
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Our Readers Say. . . .continued 


CALIDYNE 


shaker systems 


(FOR PRODUCT VIBRATION-TESTING) 


FOR THOSE WHO WANT INCREASED RELIABILITY 


mation contained in the articles was 
most helpful. —B. M. THALL 
The Toronto Star 


lo the Editor: 

Is it possible to obtain six reprints 
or tear sheets of the article, “Ultra 
High Strength Steel for Aircraft Struc- 
tures,” published in the October, 1953 
issue Of Product Engineering? 

We are at present actively engaged 
in a comprehensive research program 
relating to this subject, and copies of 
this article are very much in demand 
by various people working in our engi- 
neering and metallurgical departments. 

—R. M. WELLs 
Curtiss-Wright Corp. 


Short-Run Stampings 


To the Editor: 


We are interested in expanding our 
business into the short-run stamping 
field. As we are a precision tool and 
die making establishment, our knowl- 
edge is mostly of the standard tem- 


Pe die setup. A Calidyne Intermediate Shaker System consists of the selected 

We are aware that many new pro- Model 45 Rotary Power Supply (with motor starter); the 
cedures and methods are being utilized | corresponding Model 64 Control Console; a single Model 44A 
in the short-run stamping business at | Shaker, a single Model 58 Shaker, or two Model 44A Shakers — 
the present time. We are referring to | if dual operation is desired. Calidyne’s new Model 80 Electronic 
kirksite dies, rubber dies, speed dies. Power Supply may also be used with the 44A and 58 Shaker 
to allow adaptation to feedback resonance type testing, or to 
use with mixed-frequency sources such as tape recordings or 
synthesized complex waves. 


A TYPICAL SYSTEM ma u 


MOTOR GENERATOR 


and even the use of photography. 

If convenient, would you please 
send us any literature or references you 
may have relating to new methods 
used in the making of temporary parts 
or short run stampings? 


HIGH PERFORMANCE FEATURES 


44A SHAKER 58 SHAKER 





of some assistance 


Help Wanted 
To the Editor: 


I am attempting to answer a ques- 
tion with regard to planetary gearing 
in connection with some consulting 
work I am doing, and I have run across 
a reference to an article by J. F. Allen, 
entitled “Limitations of Epicyclic Gear 
ing for Variable-Speed Drives’, which 


Product Engineering - 


—JOHN H. Rosy 

Metal-Matic, Inc 
Ed.—We've sent you a list of compa- 
nies that we believe should be able to 
give you considerable help. We've 
also sent along a copy 
nissed it—of the article “Sheet Metal 
Design With the $ Sign in Mind,” 
which appeared in the October Prod- 
uct Engineering, and which might be 


in case you'd 
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. 600 Ib. vector force output, continuous 


duty. 


. Calibrated cartridge type signal genera- 


tor for monitoring exitation levels. 
Furnished with shaker. 


3. Rugged lightweight armoture. ý 
. Class 8 glass insulation — 100° C 


allowable temperature rise. Forced 
cooling. 


. low stray magnetic field at Shaker 


Table, 150 gauss mox. @ surface 


. Attachment to table by means of re- 


placeable stainless steel inserts 


. Trunnion-mounted, for operation in verti- 


cal or horizonta! positions. 


. 1” total armature stroke —- Cut out 


switches for overtravel protection. 


. Rugged, resonance — free cast bose 
. Smooth, clean lines. 


1. 


1250 Ib. vector force output, continuous 
duty 


. Calibrated cartridge type signal genera- 


tor. Easy to maintain. Furnished with 
shaker 

Rugged lightweight armature. 

Same as 44A. 


Same as 44A. Low initiol stray feld may 
be still furtħer reduced by degaussing 
coils available for both models at 
extra cost 

Same as 44A. 


Trunnion-mounted, Isolation pads at 
trunnions. 

34” mox. total stroke. Cut out switches 
for overtravel protection. 


. Same as 44A. 
. Smooth, clean lines, concealed blowers. 


MODEL 64 
CONTROL CONSOLE 


CALL 
ON CALIDYNE 


Because Vibration is 
our business we want 
you to call on us when 
you need a special 
or standard Shaker 
system to vibration- 
test products or com- 
ponents to MIL or 
special specifications 
Bulletins, technical 
data and counsel on 
request and without 
obligation. 


SALES REPRESENTATIVES IN NEW YORK, LONG ISLAND, NEW JERSEY 
G. C. Engel — Rector 2-0091 (N. Y.) © Ridgewood 6-7878 (N. J.) 


CLEVELAND, OHIO HOLLYWOOD, CALIFORNIA 


THE 


CALIDYNE ssi 


COMPANY 


WASHINGTON, D. C. FLORIDA 
F. R. Jodon A. H. Lynch and Assoc. 
Woodley 6-2615 Fort Myers 5-6762 


i M. P. Odell Co. 
Prospect 1-6171 


G. B. Miller Co. 


Hollywood 9-6305 


DAYTON, OHIO ALBUQUERQUE, NEW MEXICO 


M. P. Odell Co. 


G. B. Miller Co. 


Albuquerque 3-1998 


120 CROSS STREET, WINCHESTER, MASSACHUSETTS 





CHICAGO, ILLINOIS MINNEAPOLIS, MINN. DALLAS, TEXAS 


Hugh Marsiand Co H.M. Richardson and Co. John A. Green Co. 


Ambassador 2-1555 


Geneva 4078 Dixon 9918 


ARNPRIOR, ONTARIO, CANADA, Mecsurement Engineering Limited, Arnprior 400 


WALTHAM, MASS., Robert A. Waters, Inc, Waltham 5-6900 
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SELF-LUBRICATING 


BUSHINGS: 
Jos When Oras Wat! 


EXCELLENT DURABILITY © CONSTANT 
COEFFICIENT OF FRICTION © APPLICABLE 
OVER A WIDE TEMPERATURE RANGE 
soumiries or carsonizes ® OPERATE DRY, OR AT 
HIGH SPEEDS SUBMERGED IN WATER, 
GASOLINE OR OTHER LIQUIDS © EXCEL- 
LENT FOR CURRENT-CARRYING BEARINGS 


GRAPHALLOY materials are also in wide use 
for oil-free, self-lubricating piston rings, seal rings, 
thrust washers, friction discs, pump vanes, etc. 


Oder Craphalloy Peoduca 


For applications requiring low 
electrical noise, low and con- 
stent drop, high current density 
and minimum wear. Used for 
SELSYNS, DYNAMOTORS, 
SYNCHROS, ROTATING 
STRAIN GAGE pick-ups and 
many other applications. Brush 
Holders and Coin Silver Slip 

Rings also available. 


GRAPHITE METALLIZING TTT 
1012 NEPPERHAN AVE. * Yonkers, New York 


[C] Please send date on Graphaliley Oil-Free BUSHINGS. 
go Send date on BRUSHES end CONTACTS. 





| plications from Old Patents,” 


was apparently published in Product 
Engineering in 1944. Would it be 
possible for me to obtain a reprint of 
this article? 

Specifically, I am concerned with 
the limiting number of planet gears 
that may be practically used in a com- 
pound epicyclic train. The stationary 
sun gear has 62 teeth and meshes, with 
a planet pinion having 28 teeth. A 
planet pinion having 26 teeth, rigidly 
attached to the 28 tooth pinion driving 
a sun gear having 64 teeth. The planet 
carrier carries two such sets of pinions 
spaced at 180 degrees. I am given to 
believe that three sets of such pinions 
spaced at 120 degrees, or perhaps 
four such sets spaced at 90 degrees 
could not be used. I can see the prac- 
tical difficulties that would arise in 
these cases, but I cannot see that it is 
theoretically impossible. This is the 
situation I wish to check. An article in 
Product Engineering September, 1950, 
gives some suggestions about this, but 
I am not thoroughly satisfied. I might 
add that, in the drive in which I am 
interested, the planet pinion carrier is 
the driving member. 


If you can suggest information on | 


this matter, I would greatly appreci- 
ate it. —Warp E. BULLOCK 

University of Buffalo 
Ed—One person whom you might con- 


| tact, and who should be able to give 


you some sound advice on your prob- 
lem, is Mr. Sigmund Rappaport of the 
Ford Instrument Co., Long Island City, 
New York. 


Machine Design 
Conference Speakers 


To the Editor: 


The writer has been assigned the 
task of getting the names of possible 
speakers to fit into the 1954 Machine 
Design Conference, which will be held 
February 1 at the Cleveland Engineer- 
ing Society. 

The theme is to be generally on 
“New Horizons for Machine Design.” 
Merely using the working theme as 
above, one title has been assigned, for 
example, “New Design Methods,” the 
speaker to be Mr. Bowman, chief en- 
gineer of the Le Roi Co. The content 
is to be new approaches to problems, 
new methods of working out design 
problems, with illustrations. 

Another subject is to be “New Ap- 
which 





Have You Taken 
a Good Look 
Lately at... 


MICS ? 
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TRUE SPECIFIC GRAVITY 
BULK SPECIFIC GRAVITY 
WEIGHT PER CUBIC INCH 


PORE VOLUME 
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Very possibly you 
need the properties 
of FRENCHTOWN 
engineered ceramics to 
give you resistance to high 
temperatures and low thermal 
expansion; excellent mechani- 
cal strengthand wear resistance; 
superior dielectric strength at 
both high and low frequencies. 
Why not send for this chart 
showing electrical and me- 
chanical characteristics of 
FRENCHTOWN _high-per- 
formance ceramic bodies. Name 
your problem; we'll also send 
test samples. 


a 


PORCELAIN COMPANY 


87 Muirhead Ave... . Trenton 9, N.J. 
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Our Readers Say....... . .continued 
has been assigned to George Wood- 
ling, president of the Flodar Co. 

Another general title will be “New 
Requirements of the Machine,” which 
will have a sub-title, “Fitting the Man 
to the Machine.” That has been as- 
signed to Mr. A. W. Richards of 
Designers for Industry and will cover 
designing machines with the operator 
in mind, from the viewpoint of func- 
tion, safety and appearance. 

Those subjects will be pretty well 
covered in the morning session. The 
afternoon session will cover coopera- 
tion between the sales department and 
the design department, but more im- 
portantly, there will be two speakers 
covering the general theme of “For- 
eign Machines in the American Mar- 
ket.” Details of two talks in that 
series have not been worked out, but 
one of them probably will cover the 
general theme of “American Machine 
Tool Designs for Foreign Use,” in- 
cluding foreign influence on machine 
design, machine tools in relation to 
European markets, and, especially, in- 
ternational competition. 

The second subject will be aimed at 
the competition of European machines 
in the American market. We have not 
as yet worked out the complete con- 
tent, but we have speakers available, 
namely, Mr. Nobel Clark of Warner 
and Swasey, and Mr. N. C. Rubine of 
the Yoder Company. 

The big problem, however, comes 
in that we are very desirous of having 
an outstanding speaker for the evening 
session, which has temporarily been 
assigned the theme of “New Produc- 
tion Methods and Machine Design.” 
The idea would be the presentation 
of several new production methods 
employed to produce a better product. 
Why these new production machines 
are needed, what they must do, their 
limitations, etc. Also, to cover the 
problems involved in picking or de- 
signing production machines in a mass 
production industry, and finalizing in 
what tomorrow’s machines must do. 

We would like your advice, specif- 
ically with aid and suggestions in both 
topic, content and speaker for this 
final session. We have a high quality 
of meetings to live up to, based on last 
year, and the speakers from last year 
and previous years make it mandatory 
that we have an outstanding man to 
cover this subject 
greatly appreciated 

We haven't completed the section 


Your help will be 
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Nearly five centuries ago 
Leonardo Da Vinci invented 
this aerial screw—a forerunner 
of the present-day helicopter. 


- +. an industry with imagination 


To serve this great industry there are many 
manufacturers with imagination and vision. 
Indiana Gear is such a company—a group of 
able craftsmen equipped with the best 
of tools and machines— producing the finest 
in precision parts. At |.G.W. we accept the 
challenge of this and all other precision 
industries. We will match their visionary 
design with creative production. 


main vonoi ofa 
model Sikorsky Heli without 


=o 
-INDIANA GEAR 


INDIANA GEAR WORKS, INC. « INDIANAPOLIS 7, INDIANA 


but 1.G.W. produced the part without dis- 
tortion and the gear operated successfully. 
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The Swing is to 


Durakool 
Factory Set 
Timer Relays 


Practically non-breakable, Dura- 
kool Factory Set Timer Relays have 
more than proved themselves on 
the roughest and toughest jobs 
that could be found. Year by 
year, their use increases in sensa- 
tional fashion. 


Controlled time available from 
.15 to 20.0 seconds in either, nor- 
mally open or normally closed 
actions. No waiting. Your pro- 
duction schedule is met. 


See telephone directory for local dis- 
tributor or write for Bulletin 800 


DURAKOOL, INC., Elkhart, Indiana 


FACTORY SET, TAMPER- 
PROOF TIMING 


No false contacts 
No chatter 
Quiet in operation 
Low in cost 


ALL-STEEL 
WS oe eS 


Wate 








Freeze-Proof Steam Traps 
for every Plant Use 


Because they drain completely when cold, these four types of Nichol- 
son steam traps are positively freeze-proof. Can be freely installed 
outdoors. Universally recommended for use in lines which need not 
be in continuous use during cold weather, 
because they are freeze-proof and because 
their 2 to 6 times average drainage ca- 
pacity results in minimum heat-up time. 


The non-air-binding feature 
of Nicholson traps also no- 
tably facilitates 
heat transfer in 
severe weather. 
Types for every 
plant use. Size 
4” to 2”; pres- 
sures to 250 Ibs. 


TYPE A 


TYPE AHV 


type au GE 853 
200 OREGON ST., WILKES-BARRE, PA. 


TRAPS - VALVES : FLOATS 





Our Readers Say contin: ed 
on American machine tools, or rather 
European competition in the Ameri: an 
market, and perhaps you might h.v 
some ideas about that. We find tha 
this is a very, very hot subject and one 
to which we want to do justice. 
—J. H. Geprert 
Reeves Pulley Company 


Ed.—Several names come to mind, but 
unfortunately space limitations prevent 
our publishing a complete list. We ve 


| sent you the names of men we believe 


could cover the subjects best. Whether 
they are available, we, of course, can 
not even guess. At any rate, good luck 


| with the conference. 


Rotating Components 
To the Editor: 

We noted with extreme interest 
your article “Rotating Components for 
Automatic Control,” by Sidney Davis, 
in the November, 1953 issue of Prod. 
uct Engineering. 

We are the technical representatives 
for about twelve different manufac. 
turers of this general type of equip 
ment, and we think this is one of the 
most complete articles in this field of 
engineering that we have seen. Sev 
eral of our factories also have noted 
the release and have expressed a de- 
sire to obtain copies for their eng 
neering personnel. Will you please 
send us twelve copies of the artic 
and, if possible, twenty-four copies. 

I would like to take this opportunity 
to let you know that we thoroughly 
enjoy receiving Product Engineering 
and look forward to the new editions 
as they come out. 

—W. E. VAN RIPER 
Joe Davidson and Associate: 


To the Editor: 


In your November issue of Product 
Engineering, there is a lengthy article 
on Servo motors and related acces- 
sories. We are making a target device 
under Navy contract, that is servo 
controlled, and I have found much in 
formation in your article that I would 
like to keep in my file. Will you plea 
send me another issue of the magazi: 
or a reprint of this article? 

—GoORDON GA 
The University of Rochest 


Ed.—Reprints of ‘Rotating Comp« 
nents for Automatic Control” are sti 
available. The price: 50¢ a copy. An 
they're going fast. 
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NEW BOOKS || More And More Manufacturers Are Installing 


Materials For Product 
Development, 1953 


Text of discussions of First Basie Ma- 
terials Conference, 64 x 9} in., 265 
pp. Published by Clapp & Poliak, Inc., 
341 Madison Ave., New York, New 
York, $7.50. 


This volume consists of eighteen 
papers, which were presented at the 
First Basic Materials Conference held 
at New York, June 15-19, 1953. It 
contains subject matter that can be di- 
vided into seven categories: Economics 
of Engineering Materials; High 
Strength with Low Weight; High and 
Low Temperature Service; Atomic 
Energy; Electrical and Electronic Serv- 
ice; Materials Selection and Specifica- 
tion; and coordination in Selection of 
Materials. Topics covered include 
aluminum, titanium, sandwich con- 
struction, molded and extruded plas- 
tics, insulating materials, magnetic 
materials, high strength steels, mate- 
rials for roller bearings, and materials 
for aircraft accessories. Also included 
is the text of 83 questions and answers 
offered at the conference. 


Design in 
Structural Steel 


JoHN E. LorHeRs, Prof. of Architec- 
tural Engrg., Oklahoma Institute of 
Technology, 6 x 9 in., 454 pp. Pub- 
lished by Prentice-Hall, Inc., 70 Fifth 
Ave., New York 11, N. Y., $10. 


Making use of the latest building 
and bridge specifications, and demon- 
strating the most recent methods of 
analysis and design, this new book has 
the following features: 

1. The “hotel-room”’ or ‘‘city-block”’ 
method of numbering articles, equa- 
tions, examples and problems. 

2. Comprehensive coverage of sim- 
ple connections and details (riveted, 
ordinary bolted, high tensile steel 

olted, pin, etc.). 

3. The bracket method of treating 
ccentric connections, both riveted and 
welded. 

4. The direct method of bracket 
nalysis, both riveted and welded, in- 
luding an original method of design 
or welded tee-brackets. 

5. Full coverage of base-plate analy- 
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MARVEL SYNCLINAL FILTERS 


AS STANDARD EQUIPMENT 


Manufacturers of hydraulically actuated equipment and others with low pressure liquid 
circulating systems demand their equipment to perform consistently with all the produc- 
tive efficiency they build into the machine that bears their name. Since these systems 
must be kept free of damaging particles, the selection of a filter is an important factor. 
Here are some of the outstanding reasons for the increasing preference for Marvel 
Synclinal Filters to do this all-important job! 


BECAUSE. . Marvels are designed to give 
maximum ACTIVE filtering area rather 
than total filtering area. Only ACTIVE FILTERING 
AREA COUNTS! 


BECAUSE. . Marvels greater storage space 

for filtered out particles allows longer 
iods of “production” time at absolute minimum 
maintenance cost and “‘down-time.” 


oe epee A eree ~ 
man in a motter of minutes. 


BECAUSE: . . Marvels (Both Sump and Line 
Type) operate at full efficiency in any 
position. Line type may be be serviced without disturb- 
ing pipe connections. 


| tected d of 
BECAUSE inners Yo'gie tno 
and efficien ration 
BECAUSE Type) are avaiable in im vidual = 
pacities from 5 to 100 G.P.M. and choice of mesh 


sizes ranging from ae 30 to verry fine 200, they 
get a filter to fit their speciific requirements. 


BECAUSE. . Marvel not only delivers a top 
rade filter in both quality and per- 
formance, but delivers IMMEDIATELY—shipments are 
made the same doy orders are received, if desired. 


SUMP TYPE 
(Cutaway) 


LINE TYPE 
(Cutaway) 


FACTS—NOT CLAIMS 


Engineers decide on the basis of the record, 
on the basis of measurable facts rather than 
claims of the “campaign promise” variety. 
Here is a fact with meaning: 


OVER 400 MANUFACTURERS 
MAKE MARVEL SYNCLINAL 
FILTERS THEIR 0.£.M. CHOICE 


For Dependable Protection On All 
Hydraulic And Low Pressure Systems 
Investigate MARVEL SYNCLINAL FILTERS 


r 
l 
l 
| 
l 
| 
| 
| 
| 
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| 
| 
| 
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in response to the great do- 
mand, we have adapted both 
our sump and line modeis 


WATER ‘or use in all water filtering 
FILTERS ʻio been" mado in’ the 


basic synclinal design. 


MARVEL 


ENGINEERING COMPANY 
Phone: Franklin 2-4431 
625 W. Jackson Bivd., Chicago 6, Iil. 


MARVEL ENGINEERING COMPANY PRE-1 
625 W. Jackson Bivd., Chicago 6, til. 


Without obligation, please send me complete en- 
gineering data on Marvel Syn 
follows— 


inal Filters as 


Catalog #106 for Oil Filters 
Catalog +300 for Water Filters 


Naine 


Company 


Adare 


City 





Here are complete sheet fab- 
rication facilities to produce 
your control cabinets, switch 
boxes, and foot control sta- 
tions—to J.LC. standards, if 
specified. Shipped ready for 
electrical assembly. 

Get our quote on gear guards, 
hydraulic tanks, drip pans, 
louvers, and similar items 
Send blueprints or ask about 
our design service. 


Fabrication Division 


Industrial 
EQUIPMENT COMPANY 


220 Indiana Street 
Minster, Ohio 


| 


i 
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New Books.. 


continued 


sis and design, with much that is new 
and original. 

6. New and original methods for 
designing column-base-plate connec- 
tions, both riveted and welded, to re- 
sist moment. 

7. Comprehensive discussion of tall 
building design for wind, earthquake 
and gravity loads, and the column- 
scheduled method of approach of same. 

8. A complete example of the 
analysis of an industrial building bent 
for wind, snow and crane loads, in- 
cluding the complete analysis of a 
crane runway girder for vertical, lat- 
eral and longitudinal moving loads. 

9. An unusually comprehensive 
treatment of floors and stairs for tall 
buildings and highway bridge floors. 

10. A large number of problems 
and step-by-step examples. 

The presentation of much of the 
material is also unique. Prof. Lothers 
uses a newly conceived “project” 
method which adds greatly to the 
clarity and ease of comprehension. In 
this method, the data for an illustra- 
tive problem on the subject of the 
chapter are given early in the chapter. 
As the theory on which the problem is 
based unfolds, its application is dem- 
onstrated in a series of examples, all 
of which refer back to the illustrative 
problem. In this way, theory and 
practice are made to complement each 
other. 


Applied Elasticity 


CHI-TEH WANG, Professor of Aero- 
nautical Engineering, New York Uni- 
versity, 6 x 9 in., 357 pp. Published 
by the McGraw-Hill Book Co., Inc., 
330 West 42 St, New York 36, 
N. Y., $8. 

This senior-graduate text for engi- 
neering students has two objectives: 
first, to provide students with neces- 
sary fundamental knowledge of theory 
so they can formulate any problem 
occurring in the classical theory of 
elasticity; second, to acquaint them 
with the most useful analytical and 
numerical methods so that after a prob- 
lem is formulated, they will be able to 
solve it by one of these methods. 

The author begins with analysis of 
stress, strain and stress-strain relation- 
ship, after which the general problem 
of elasticity in classical theory is for- 
mulated. Among specific problems 
solved are: plane stress and plane 


strain problems; stress concentration 


| 
| 
| 
| 


| 
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Model $-25 
Automatic 
Gas Fired 
“INCINOR” 
Mid. by 
BOWSER, INC. 
finished 
in white 
SICON 


The sparkling white finish of 
this home incinerator stands 
flash temperatures of as 


eee 
it’s 

Sicon 
Silicone Coating 


sicon withstands the shock of 
high heat combustibles without 
peeling or blistering. Retains 
luster and beauty over long pe- 
riods of time. Now used on all 
INCINOR models. SICON, the orig- 
inal silicone finish, has proved 
best for a long list of other na- 
tionally known products. 
WRITE FOR 
BULLETIN $31 


Sicon 
MTT: 


Waukegan 
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J ORUM-TYPE AIR OPERATION 
Fawick clutch a s Lo 
vide a 360° Sanaa ES e of instantaneous 
anaram, Covent ied on es 
' i the : e ciency 
me ost be sensitively "e9¥ 
are in operation. 


friction 


5ELF-ADJUSTING 
k actuating ele- 
all ompensates for 
ment automaticaly » This insures 


f friction shoes- 
E t and dependa- 
ick clutches 
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£ NO LUBRICATION 


Fawi i 
e ats design and construction 
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brake lubrication. 


FAWICK AIRFLEX DIVISION 


FEDERAL FAWICK CORPORATION 
CLEVELAND 11, OHIO 
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problems; rotational disks and cylin- 
ders; thermal stresses; and torsion 
bars with various cross sections. In 
the solving of these problems, both 
analytical and numerical methods are 
emphasized. Analytical methods in- 
clude such methods as Fourier series 
analysis and the use of complex vari- 
ables, while numerical methods cover 
the finite difference approximation, re- 
laxation method, and the variational 
methods. 

The physical meaning of elastic sta- 
bility is presented in a new manner, 


| and numerical methods for the buck- 


ling problems are discussed in detail. 
Discussion on theory of shell is pre- 


| ceded by a summary of differential 
| geometry on surfaces. Middle surface 
| strains and changes of curvation are 


derived by an analytical approach. 


| Many practical problems on thin plates | 


and shells are solved by both analytical 
and numerical methods. 


| ASME Handbook- 


| Metals Engineering — 
| Design 


Edited by Oscar J. HORGER, Ch. 
| Engr., Railway Div., The Timken 
| Roller Bearing Co., 74 x 10 in., 405 
| pp. Published by the McGraw-Hill 
| Book Co., 330 West 42 St., New York 


36, N. Y., $10. 


Sponsored by the American Society 


of Mechanical Engineers, this volume 


| brings together much important refer- 


ence data on the design function in 
metals engineering. 

Forty-eight sections, contributed by 
authorities, discuss such subjects as 
fatigue characteristics, wear, impact, 
corrosion, non-destructive testing, theo- 
ries of failure, etc. Specifically, these 


| papers are: Significance of Mechanical 


Property Data; High-temperature Con- 
siderations in Design; Power Plants; 
Petroleum Heaters; Plasticity Consid- 
erations in Design; Residual Stresses; 


Vibration Considerations in Design; | 


Fatigue Characteristics; Types of 
Stress; Stress Range; Method of Test- 


| ing; Physical Properties; Surface Fin- | 
| ish; Fillets, Oil Holes and Keyways; 
| Grain Flow; Shot Peening; Cold 
| Working; Decarburization; Case Car- 


burizing; Nitriding; Metallic Coat- 
ings; Flame Strengthening; Riveted 


| Structural Joints; Bolted Joints; Press- 
| fitted Assembly; Welded Structural 
Joints; Overstressing and Understress- | 








only 
Universal Jont 
with the 


Tamale Lect Ring 
od 


poten! 


ONLY CURTIS 
OFFERS 
ALL FOUR 


1. Availability — 14 sizes al- 
ways in stock; 3” to 4’ O.D.. 
bored or unbored hubs. 


2. Quality Standards — Cur- 
tis Joints set the standards for 
the industry; uniform high 
quality provides complete pro- 
tection. 


3. Simplicity — fewer parts, 
onr construction, casy as- 
sembly and disassembly. 
4. Constant Tests — catalog 
substantiated by con- 

stant tests on production joints 
in the factory for torque, ten- 
PLUS — facilities and - 
neering skill to handle 

ification jobs always avail- 
a 
Not sold th h distributors: 
write direct for engineering 
data and price list. 


CURTIS 


UNIVERSAL JOINT CO., INC. 


11 BIRNIE AVENUE 
SPRINGFIELD, MASS. 


As neor to you os your telephone 


A MANUFACTURER OF 
UNIVERSAL JOINTS SINCE 1919 
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New Books. Saati continued 


ing in Fatigue; Wear Considerations in 
Design; Impact Considerations in De- 
sign; Stress Corrosion, Corrosion Fa- 
tigue, and Erosion Corrosion; Fretting 
Corrosion and Fatigue; Nondestructive 
Testing; Magnetic-Particle Inspection; 
Ultrasonic Testing and Inspection; 
X-Ray Examination; Electrical Meth- 
ods; Core-loss Principle; Magnetic and 
Electromagnetic Methods; Designing 
for Production; Surface-finish Re- 
quirements in Design; Design Prac- 
tice; Design Theory; Elements of 
Theory of Elasticity; Theories of Fail- 
ure; Working Stresses; Experimental 
Design ; Strain Gages; Brittle Coating; 
Photoelasticity; Plates and Shells; 
Magnesium and Aluminum. 


Plastics Mold 
Engineering 


M. FREUND, 54 x 8ł in., 409 pp. 
Published by British Book Centre, Inc., 
122 E. 55th Street, New York, N. Y., 
$10. 


A comprehensive analysis of the en- 
gineering principles and practice in- 
volved in plastics molding, this volume 
presents valuable data concerning de- 
sign factors involved in plastics mold- 
ing from tools to molded piece. 
Devoted primarily to compression, 
transfer, and injection molding tech- 
niques, the book discusses stress in 
plastic molds, unusual mold designs, 
stress and strength consideration of 
large molded components, tolerances 
and accuracy permissable, mechanical 
performance and physical behavior of 
plastic moldings, types and strength 
of threads and inserts, and electrical 
applications of plastic molding. Also 
presented are methods of calculating 
production economy and discussions 
f heat and hydraulics in the molding 
hop. 


Modern Electroplating 


Edited by ALLEN G. GRAY, Technical 
Editor, Steel Magazine, Cleveland 
Ohio, 6 x 9 in., 563 pp. Published by 
lohn Wiley & Sons, Inc., 440 Fourth 
ive., New York 16, N. Y., $8.50 
The purpose of this work is to 
present the details of today’s com 
mercially available electroplating proc 
sses, not only to the electroplating 
ndustry, but to all persons who may 
using Or interested in using the 
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STA I RIDITE 


AN-C-170 MIL-S5002 MIL-C-5541 AN-P32 
AMS-2402A USA-50-80-1iA J.Q.D. No. 144B 
USA 57-93-2A OS. No. 1374 USA 57-0-2C AN-P61 
A-XS-1607 QQ-P-416 QQ-Z-325 MIL-31/)1 

if you’re finishing under these or similar specifications, 
here’s how you can use Iridite: 


ON ZINC AND CADMIUM you can get highly corrosion 
resistant finishes to meet any military or civilian 
specifications and ranging in appearance from olive 
drab through sparkling bright and dyed colors. 


ON COPPER... Iridite brightens copper, keeps it 
tarnish-free; also lets you drastically cut the cost 
of copper-chrome plating by reducing the need for 
buffing. 

ON ALUMINUM Iridite gives you a choice of natural 
aluminum, a golden yellow or dye colored finishes. No 
special racks. No high temperatures. No long immer- 
sion. Process in bulk. 


ON MAGNESIUM Iridite provides a highly protective 
film in deepening shades of brown. No boiling, elab- 
orate cleaning or long immersions. 


AND IRIDITE IS EASY TO APPLY. Goes on at room temperature 
by dip, brush or spray. No electrolysis. No special equip- 
ment. No exhausts. No specially trained operators. Single 
dip for basic coatings. Double dip for dye colors. The pro- 
tective Iridite coating is not a superimposed film, cannot 
flake, chip or peel. 

WANT TO KNOW MORE? We'll gladly treat samples or send you com- 


plete data. Write direct or call in your Iridite Field Engineer. He's 
listed under “Plating Supplies” in your classified telephone book. 





Spur 

Helical 

Worm 
Herringbone 
Internal 
*Conifiex Bevel 
Spiral Bevel 


Spline Shaft gears too. 


Regardless of what Martin “Old Kinderhook” Van 
Buren had in mind when he introduced the term “OK” 
in the 1840 Presidential campaign, today “OK” has 
come to mean “`well done.” 
customers say about the custom gears we deliver to 
them. Why? Because the combination of attention to 
details and over 45 years of “know-how” means every 
gear we produce is a masterpiece of craftsmanship. 
So specify Cincinnati Gear on your next custom gear 
order—and you'll put your stamp of approval on our 


And “OK” is what our 


*Reg. U. S. Pat. Off 


THE CINCINNATI GEAR COMPANY 
"Gears ... Good Gears Only” 


Wooster Pike and Mariemont Ave. 


HERMETICALLY 
AC-SEALED-DC 
INSTRUMENT 


e Cincinnati 27, Ohio 


RUGGED CONSTRUCTION FOR 
SUPERIOR PERFORMANCE 


Copper — cadmium — dichromate fin- 
ished case. 

Black satin onodized aluminum bezel. 
Excellent shielding due to case mate- 
rial and construction. 

Double strength clear glass. 

Glass to metal seal under controlled 


humidity and temperature conditions. 


D'Arsonval permanent magnet 
movement for DC applications. 
Magnetically damped. moving iron vane 
type movement for AC applications. 
Available in 142" square, 242” and 342” 
round case types. 

Guaranteed for one year against defec- 
tive workmanship and materials. 


type 


Burlington “Hermetically Sealed” Instruments are designed to conform to JAN 


and MIL specifications. 


7S @ BURLINGTON 


PIED 


INSTRUMENT COMP#* 
133 THIRD STREET, BURLINGTON, IOWA 
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processes. It includes virtually all o 
the current practices; each is con 
pletely and thoroughly described, ever 
to analytical control of the solutio: 
and the theory underlying each opera 
tion. 

Physically, the book is a compila 
tion of the works of 39 experts i: 
the field, and is a completely mod 
ernized revision of the Electromechan 
cal Society's earlier “Electroplating 
It includes a chapter on the uncon 
mon metals in which the literature i 
reviewed to bring the reader up-to-dat 
on the status of electrodepositing 0: 
metals that are not now commercially 
plated. It also considers the problen 
of plating on aluminum and mag 
nesium. 

All the material has been edited sc 
that it maintains a uniform approach 
and terminology throughout. Each 
chapter is organized on the same gen 
eral pattern, giving principles, fun 
tions of constituents of bath, operating 
conditions, maintenance and control 
preparation of basis metals, and finish 
ing of deposits—with such other varia 
tions as are inherent in the particular 
metal under discussion. These include 
brass, cadmium, chromium, cobalt, 
copper, gold, indium, iron, lead 
nickel, platinum, silver, tin, and zinc, 
as well as those mentioned previously 


Organic 
Protective Coatings 


WILLIAM VAN Fiscuer, Hd., Dept 
of Chemistry and Chemical Engrg., 
Case Institute of Technology, and Ep 
WARD G. BOBALEK, Associate Profes- 
sor of Chemistry, Case Institute of 
Technology, 6 x 9 in., 387 pp. Pub- 
lished by Reinhold Publishing Corp., 
330 West 42 St., New York 36, N. Y., 
$7.50. 3 


Emphasizing specifically the prob 
lems of formulation, specification and 
application of organic coatings, this 
new book describes the fundamental 
theory and practice of paint as an en 
gineering material. 

Several chapters present the theories 
of physics and chemistry as applied 
coatings technolory, f 
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TAYLOR Built-up Vulcanized Fibre 

is a new material made of many plies of homogeneous vulcanized 
fibre bonded together with a special resin developed in Taylor 
Laboratories. It can be machined with the same facility as 
homogeneous fibre, has high dielectric strength and is available in any 
thickness desired. Can be furnished in various colors. 


Want to make something of it? 


Make it into many products that require physical and electrical 
qualities that are equal to, or better than, that of the equivalent 
thickness of homogeneous fibre. The arc resistance at the adhesive line 
is equal to that of the fibre itself. The adhesive is unaffected by abrupt 
changes in relative humidity. It gives built-up fibre greater 

stability . . . resistance to distortion caused by atmospheric conditions. 
Edge splitting tests have proven the adhesive stronger than the fibre. 


Make it from 45” x 56” sheets in any thickness desired. The thickness 
of individual plies can be varied to suit your particular requirements. 


Make sure you get complete information on this versatile new 
material. Call your Taylor engineer . . . he will be glad to work 
with you . . . see where it can fit into your products. Let him go over 
your requirements for laminated plastics also. He may be able 

to suggest ways that Taylor Phenol, Melamine and Silicone 


Laminated Plastics can do a better job . - . lower your costs. 


Taylor Fibre Co., Norristown, Pennsylvania 


TAYLOR 


‘mated Plastics 
ized Fibre 


La Verne, California 
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FOR POSITIVE, LOW-COST 


SPROCKET DRIVES... 
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Only the manufacturer of genuine Bead Chain 
offers you a new, more versatile belt drive that 
will accurately time and control the movement 
of all types of devices. Among such applications 
are radio and television tuners, recorders, air 
conditioners and timing devices. Costly gearing 
mechanisms can be eliminated and efficiently 
replaced by the specially designed sprockets that 
accurately fit the individual beads without slip- 
page and backlash. Friction is at a minimum 
and tensile strength of the Bead Chain belt (from 
15 to 200 lbs.) is very high in proportion to 
size and weight. 


Only this, the original Bead Chain is manufactured to 
such close tolerances that it can be applied at low cost 
to U type or positive non-slip sprockets! 


Write to us today for detailed information 
about sprockets and Bead Chain belts. It can 
save you a lot of time and money later. 


THE BEAD CHAIN MANUFACTURING CO. 


92 Mountain Grove St., Bridgeport, Conn. 


Please send me informotion about 
Bead Chain sprocket drives. 


NAME 
TITLE 
ADDRESS. 


THE BEAD CHAIN MANUFACTURING CO., Bridgeport 5, Conn 
original and world’s largest producers of bead chain 
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of anti-corrosive and luminescent pig 
ments, aminoplast resins, hot spra; 
lacquers, emulsion and latex paints 
the protection of metal surfaces with 
synthetic resin coatings; new applica- 
tions of organic coatings to electrical 
insulation; and the use of silicone 
resins in heat-resistant paints. 

Although no attempt is made to 
cover exhaustively all the advances al 
ready made in the field of coatings, 
many selected examples are considered 
which illustrate the manner of ap 
proach to everyday problems. The en- 
tire subject matter is oriented around 
the problem of paint formulation, and 
full consideration is given to the prac- 
tical economic factors involved in se- 
lecting the proper coating for any 
specific application. 


Temperature Measurement 
In Engineering 


H. DEAN BaKER, Prof. of Mech 
Engrg., Columbia University, Consult- 
ant, P & W Aircraft Div., United Air- 
craft Corp., E. A. RYDER, Consulting 
Engr., P & W Aircraft Div., United 
Aircraft Corp., and N. H. BAKER, 
Dept. of Mech. Engrg., Columbia Uni- 
versity, 6 x 9 in., 179 pp. Published 
by John Wiley & Sons, Inc., 440 
Fourth Ave., New York 16, N. Y., 
$3.75. 


This book, the first of two volumes, 
is primarily concerned with thermo- 
couples and thermocouple techniques, 
since these represent the most widely 
used method of measuring internal 
temperatures of solid bodies. However, 
the first four chapters are basic in 
nature, serving as an introduction to 
the two-volume sequence. For ex- 
ample, the first chapter is devoted to 
a discussion of temperature itself, and 
the next chapter briefly reviews the 
various methods of measuring tem- 
perature. 

Chapter 3 considers the precision 
requirements that must be established 
for any given project; Chapter 4 dis- 
cusses the conditions that affect tem- 
perature measurement. 

The remainder of Volume I is con- 
cerned with thermocouples. Included 
are data on design, construction and 
operation of such temperature measur- 


| ing installations. In addition to such 


data, a comprehensive and complete 
list of references is included at the 


| end of each chapter. 
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TWO GREAT PACKING MATERIALS... each with 
a special purpose. In thousands of unusual and critical applica- 
tions custom-developed Sirvene synthetic rubber has earned 


le 


unique distinction. Now comes a new C/R packing material— 
Conpor—for use where absolute control of porosity is demanded. 


Conpor is Sirvis mechanical leather impregnated with a liquid 


polymer under controlled conditions, to achieve the exact degree 


porosity required for the lubricant problem. Conpor retains all 


iges of leather—flexil 


avan 


lity, strength, stability, oil and 
provides a simili wide range of 

tages and is designed, compounded and molded to produce 
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Oil Seals 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


1301 Elston Avenve 


Chicago 22, Illinois 
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